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4-OXO-4,5-DIHYDRO-FURAN-2-CARBOXYLIC ACID DERIVATIVES AND METHODS OF 
TREATMENT OF METABOLIC-RELATED DISORDERS THEREOF 

5 FIELD OF THE INVENTION 

The present invention relates to certain 4-oxo-4,5-dihy(iro-furan-2-carboxylic acid and ester 
derivatives and pharmaceutically acceptable salts thereof, which exhibit useful pharmacological properties, 
for example as agonists for the nicotinic acid recq)tor, RUP25. Also provided by the present invention are 
pharmaceutical compositions containing one or more compounds of the invention and methods of using the 

10 con!qpoimds and compositions of the invention in the treatm^t of metabolic-related disorders, including 
dyslipidemia, atherosclerosis, coronary heart disease, insulin resistance, type 2 diabetes, Syndrome-X, and 
the like. In addition, the present invention also provides for the use of the compounds of the invention in 
combination with other active agents such as those^belonging to the class of a-glucosidase iiJaibitors, aldose 
reductase inhibitors, biguanides, HMG-CoA reductase inhibitors, squalene synthesis inhibitors, fibrates, 

1 5 LDL catabolism enhancers, angiotensin converting enzyme (ACE) inhibitors, insulin secretion enhancers, 
thiazolidinedione, and the like. 

BACKGROUND OF THE INVENTION 
Compounds of the Invention as Antilipolytic Agents 

20 * Atherosclerosis and stroke are the numbers one and number three leading causes of death of both 
men and women in the United States. Type 2 diabetes is a public health problem that is serious, widespread 
and increasmg. Elevated levels of low density l^oprotein (LDL) cholesterol or low levels of higfi density 
lipoprotein (HDL) cholesterol are, independently, risk Actors for ath^osclerosis and associated 
cardiovascular pathologies. In addition, high levels of plasma fiee fatty acids are associated with insulin 

25 resistance and type 2 diabetes. One strategy for decreasing LDL-cholesterol, increasing HDL-cholesterol 
and decreasing plasma free fatty acids is to inhibit lipolysis in adipose tissue. This approach involves 
regulation of hormone sensitive lipase, which is the rate-limiting enzyme in lipolysis. Lipolytic agents 
increase cellular levels of cAMP, which leads to activation of hormone sensitive lipase within adipocytes. 
Agents that lower intracellular cAMP levels, by contrast, would be antilipolytic. 

30 It is also worth noting in passing that an increase in celhilar levels of cAMP down-regulates the 

secretion of adq)onectin &om adipocytes [Delporte, ML et al. Biochem J (2002) July]. Reduced levels of 
plasma adiponectin have been associated with metabolic-related disorders, including atherosclerosis, 
coronary heart disease, insulin resistance and type 2 diabetes [Matsuda, M et al. J Biol Chem (20.02) July 
and reviewed therein]. 

35 Nicotinic acid (niacin, pyridme-3-caiboxylic acid) is a water-soluble vitamin required by the human 

body for healtii, growth and reproduction; a part of the Vitamin B complex. Nicotinic acid is also one of the 
oldest \ised dmgs for the treatment of dyslipidemia. It is a valuable drug in that it favorably affects virtually 
all of the lipid parameters listed above [Goodman and GUman's Pharmacological Basis of Therapeutics, - 
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editors Harmon JG and Limbird LE, Ch^ter 36, Mahley RW and Bersot TP (2001) pages.97M002]. The 
b^efits of nicotinic acid in die treatm^t or prevention of aterosclerotic cardiovascular disease have been 
documented in six major clinical trials [Ouyton JR (1998) Am J Cardiol 82:1SU-23U]. Nicotinic acid and 
related derivatives, such as, acipimox have recently been discussed [Lorwizen, A et al (2001) Molecular 

5 Pharmacology 59:349-357]. 

Nicotinic acid inhibits the production and release of free fatty acids from adipose tissue, likely via 
an inhibition of adenylyl cyclase, a decrease in intracellular cAMP levels and a concomitant decrease in 
hormone sensitive lipase activity. Agonists that down-regulate hormone sensitive lipase activity leading to a 
decrease in plasma free fatty acid levels are likely to have therapeutic value. The consequence of decreasing 

1 0 plasma free fatty acids is tworfold. First, it will ultimately lower LDL-cholesterol and raise HDL- 

cholesterol levels, independent risk factors, thereby reducing the risk of mortality due to cardiovascular 
incidence subsequent to atheroma fonnation. Second, it will provide an inorease ia insulin sensitivity in 
individuals with insulin resistance or type 2 diabetes. Unfortunately, the use of nicotinic acid as a 
therapeutic is partially limited by a number of associated, advme side-«fiects. These include flushing, free 

15 fritty acid rebound and liver toxicity. 



be valuable, but to date this has been hindered by the inabihty to molecularly identify the nicotinic acid 
receptor. Furthermore, otiier receptors of the same class may exist on the surface of adipocytes and 
similarly decrease homione sensitive Upase activity through a reduction ia the level of intracellular cAMP 

20 but without the elicitation of adverse effects such as flushing, thereby representing promising novel 
therapeutic targets. Recent woik suggests that nicotinic acid probably acts through a specific GPCR 
[Lorenzen A, et al. (2001) Molecular Pharmacology 59:349-357 and reviewed therein]. Finther woric has 
suggested that the effects of nicotinic acid on macrophages, spleen and probably adipocytes are mediated 
via this specific GPCR [Lorenzen A, et al. (2002) Biochemical Pharmacology 64:645-648 and reviewed 

25 therein], 

SUMMARY OF THE INVENTION 

One aspect of the present invention encompasses 4-oxo-4,5-dihydro-furan-2-caiboxylic acid and 
ester derivatives as shown in Formula (I): 



The rational development of novel, nicotinic acid receptor agonists that have fewer side-effects will 




30 



00 



wherein: 



Ri is H or Ci^ alkyl; 

«• 

R2 is H, halogen, Cu alkyl or Cm haloalkyl; 
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nitroandthioUand c.^alkyLQ^-cycloalkyl and Cwhaloalkyl wherein 

, ...... 

C^alkenyl.C,.alkoxy.C,^alkyl,C,^aUcjncan, .n^iandno amino, carbo-C.^-alkoxy. 

15 hydroxyl,nitroandtbiol;6r 

^nhamiaceuticaUy acceptable salt, hydrate or solvate thereof. 

Oneaspectofthepresentinve«»tionencon.passes4^o-l,5-ddiydro-tur^ 
ester derivatives as shovm in Formula ([): ^ 

O Ra 

oraphannaceuticaUyaccep1ablesalt.hydrateorsolvatethereof,where^ 

25 RjisHorCi^alkyl; 

dialkvlsulfonanude.halogen,C,^haloalkoxy,C,^haloalkyl.C,^ 

nitroandthioUand 
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R4 is selected from the group consisting of H, etiiyl, n-propyl, €4^ alkyl, Ca-s-cycloalkyl 
and Ci^ haloalkyl wherein each are optionally substituted with 1 to 5 substituents selected from the group 
consisting of Ci^ acyloxy, Cj^ alkenyl, alkoxy, Ci^ alkyl, C,^ alkylcarboxamide, Cj^ aD^oiyl, C,^ 
alkylsulfonamide, C,^ alkylsulfinyl, C,-6 alkylsulfonyl, Ci^ alkylthio, alkylureyl, Ci^ alkylamino, 
amino, carbo-Ci^-alkoxy, caiboxamide, cyaao, C3.7 cycloalkyl, dialkylamino, O^s dialkylcarboxamide, 
C2-6 dialkylsulfonamide, halogen, Ci^ haloalkoxy, Ci^ haloalkyl, Ci^ haloalkylsulfinyl, C,^ 
hatoalkylsulfonyl, Ci^ haloalkylthio,iiydroxyl, nitro and thiol; 
or 

B) R3 is a substituted phenyl, 2-chlorophenyl, 3-chIorophenyi, naphthyl, C3.7 cycloalkyl, C3.7 
cycloalkenyl, heteroaryl, C3.7 heterocycloalkyl or C3.7 heterocycloalkenyl wherein the 2-chlorophenyl, 3- 
chlorophenyl, naphthyl, C3.7 cycloall^I, C3.7 cycbalkenyl, heteroaryl, C3.7 heterocycloalkyl and Cy.n 
heterocycloalkenyl are optionaUy substituted with 1 to 5 substituents selected from the groiq) consisting of 
Ci^ acyloxy, alkenyl, Ci^ alkoxy, C,^ alkyl, d-g alkylcarboxamide, Cj^ aUQoiyl, alkylsulfonamide, 
Ci^ alkylsulfinyl, alkylsulfonyl, Ci^ alkylthio, Ci^ alkylureyl, C,^ alkylamino, amino, aryl, substituted 
aryl, carbo-Ci ^-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, d^ dialkylamino, d^ dialkylcarboxamide, 
d-6 dialkylsulfonamide, halogen, Cj^ haloalkoxy, d_6 haloalkyl, Ci^ haloalkylsulfinyl, Ci^ 
haloalkylsulfonyl, Ci^ haloalkylthio, heteroaryl, substituted heteroaryl, hydroxyl, nitro and thiol; and 

R4 is selected from the group consisting of H, C,^ alkyl, d-6-cycloalkyl and C,^ haloalkyl 
wherein each are optionally substituted with 1 to 5 substituents selected fix)m the group consisting of Ci^ 
acyloxy, d-6 alkenyl, Ci^ alkoxy, C,^ aUg^l. alkylcarboxamide, d^ alkynyl, C,^ alkylsulfonamide, d.6 
alkylsulfinyl, C,^ alkylsulfonyl, alkylthio, C,^ alkylureyl, Ci^ alkylamino, amino, carbo-d^alkoxy, 
carboxamide, cyano, d-? cycloalkyl, d^ diall^lamino, d^ dialkylcarboxamide, d^ dialkylsulfonamide, 
halogen, Ci^ haloalkoxy, C,^ haloalkyl, C,^ haloalkylsulfinyl, d-6 haloalkylsulfonyl, haloalkylthio, 
hydroxyl, nitro and thiol. 

In some embodiments, R4 is selected from the group consisting of H, ethyl, n-propyl, alkyl and 
Ci^ haloalkyl wherein each are optionally substituted with 1 to 5 substituents selected from the group 
consisting of Ci^ acyloxy, d^ alkenyl, Ci^ alkoxy, Ci^ alkylcarboxamide, d-6 alkynyl, Ci^ 
alkylsulfonamide, Ci^ alkylsulfinyl, C,^ alkylsulfonyl, Cj^ alkylthio, C,^ alkylureyl, Ci^ alkylamino, 
amino, carbo-C,^-alkoxy, carboxamide, cyano, d-7 cycloalkyl, d-e dialkylamino, d.6 dialkylcarboxamide, 
d^ dialkylsulfonamide, halogen, Ci^ haloalkoxy, Cu haloalkyl, Ci^ haloalkylsulfinyl, Ci^ 
haloalkylsulfonyl, d^ haloalkylthio, hydroxyl, iiitro and thiol. 

In some embodmients, R4 is d^-cycloalltyl optionally substituted with 1 to 5 substituents selected 
from the group consisting of C,^ acyloxy, d^ alkenyl, Ci^ alkoxy, C,^ alkyl, C,^ alkylcarboxamide, 
alkynyl, Ci:^ alkylsulfonamide, Ci^ alkylsulfinyl, C,^ alltylsulfonyl, Ci^ alkylthio, Ci^ all^lureyl, Ci^ 
alkylamino, amino, carbo<:i^-alkoxy, carboxamide, cyano, d-? cycloallQ^l, d^ dialk/lamino, d^ 
dialkylcarboxamide, d^ diallo^lsulfonaniide, halogen, Ci^ haloalkoxy, Ci^ haloalkyl, Ci^ 
haloalkylsulfinyl, haloalkylsulfonyl, haloalkylthio, hydroxyl, nitro and thiol. 
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One aspect of flie present invenuou v „ nharmaceuticaUy 

/ „,„Foimula(I) asdescribedherem^combmationwithaphamiaceu 

one compound according to Foimuia w. 

•i^mitorinsulmsecretioneDhancerandthiazolidanedione. 
converting enzyme mhibitor,msuim seer • .v„.,„f treatment of a metaboUc-related 

hereinorapharmaceuticalcomposiuonthereof. ^^ing HDL in an individual comprising 

dysUpidemia. In some embodiments ihe metao ^ome embodiments the metabohc- 

e^odimentstbemetaboUc^lateddisorderiscoronaryheartdis^^^ Insome 
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related disorder is insulin resistance. In some embodiments the metabolic-related disorder is type 2 
diabetes. 

One aspect of the preisent invention aicompasses a method of producing a pharmaceutical 
conqwsition comprising admixing at least one compound according to Formula (I), as described herein and 
5 a phannaceutically acceptable carrier or excq)ient 

These and other aspects of the invention disclosed herein will be set forth in greater detail as the 
patent disclosure proceeds. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Hie scientific literature has adopted a number of terms, for consistency and clarity, the following 

definitions will be used throughout this patent document 

The term "ADMINISTERING" as used herein refers to a step for introducing a con^)ound of the 
present invention into an individual. The term "administering" shall further enconq)ass the prevention, 
inhibition or amelioration of the various conditions described herein with a compound of the invention or 
1 5 with a compound which may not be specifically disclosed, but which converts to a specified compound of 
the invention in vivo after administration to iho individual. Various routes can be used for adrtiinistering a 
compoimd, these include, but not limited to oral, parenteral, dermal, injection, aerosol, and the like; 
additional routes of administration are described herein. 

AGONISTS shall mean moieties that interact and activate the receptor, such as the RUP25 
20 receptor and initiates a physiological or pharmacological response characteristic of that receptor. For 
example, when moieties activate tiie intracellular response upon binding to the recq>tor or enhance GTP 
binding to membranes. 

AMINO ACID ABBREVIATIONS used herein are set out in TABLE 1 : 



TABLBl 


ALANINE 


ALA 


A 


ARGININE 


ARG 


R 


ASPARAGME 


ASN 


N 


ASPARTICACID 


ASP 


D 


CYSTED^E 


CYS 


C 


GLUTAMIC ACID 


GLU 


B 


GLUTAMINE 


GLN 


Q 


GLYCINE 


GLY 


G 


HBTIDINE 


HIS 


H 


ISOLEUCINE 


ELB 


I 


LEUCINE 


LEU 


L 


LYSINE 


LYS 


K 


MBTfflONlNE 


MET 


M 
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PTnTTCYT ALANINE 


PHE 


F 


PROLINE 


PRO 


P 


SERINE 


SER 


S 


THREONINE 


THR 


T 


TRYPTOPHAN 


TRP 


W 


TYROSINE 


TYR 


Y 


VAIINB 


VAL 


V 
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Hie term ANTAGONISTS is intended to mean moieties liiat competitively bind to the receptor af 
the same site as agonists (for example, the endogenous ligand), but which do not activate the intraceUular 
response initiatedby the active form ofthe receptor and can thereby inhibittheintx^^ 
agonists orpartial agonists. Antagonists do not diminish fliebaselme intracellular response in the absence 

V of an agonist or partial agmist 

ATHEROSCLEROSIS is intended herein to encompass disordeis of large and medium-sized 
arteries thatresultintheprogressiveaccumdation within theintnnaofsmoolh^^^^ 

CHEMICAL GROUP, MOIETY OR RADICAL: 

The term "C,^ acyl" denotes a C,^ allcyl radical attached to a carbonyl wherein the 
defmition of alkyl has the same definition as described herein; some examples include but not 
linnted to, acetyl, piopionyl, n-butanoyl. iso^utanoyl, sec-butanoyl, t-butanoyl O-e., pivaloyl), 

pentanoyl, and the like. 

The term "Ci^ acyloxy" denotes an acyl radical attached to an oxygen atom wherein acyl 
has Sesame definition has described herein; some examples include butnotlunited to 

propionyloxy, butanoybxy. feo-birfanoybxy. secbutanoyloxy. t4,utanoyloxy, and the like. 

The term "Cm alkenyl" denotes a radical containing 2 to 6 carbons wherein at least one 
carbon-caibon doubb bond is present, some embodiments are 2 to 3 carbons and some 
embodiments have2caibons.Both£andZisomers are embraced by the term "alkenyL" 

Furthermore, the term "aUcenyl" includes di-enes. Accordingly, if more than one double bond is 
present, then thebonds maybe aU^orZoramixturesof^andZ. Examples of ^^alkenylinchxde 

vinyl, propenyl, aUyl, isopropenyl, 2-methyl-propenyll-melhyl-propenyl. but-l-enyl. but-2-enyl. 
but-3-enyl, buta-U-<iienyl, and flie like. 

The term «Cw alkoxy" denotes an alkyl radical, as defined herein, attached directty to an 
oxygen atom. Examples include methoxy. ethoxy. n-propoxy, iso^jropoxy. n-butoxy. t4)utoxy. iso- 

butoxy. seo-butoxy, and the like. 

The term "Cm alkyl" denotes a straight or branched carbon radical containing the number 
of carbons as indicated, for exampbs. in some embodiments, alkyl is a "C.. alkyl" and the group 
contains 1 to 4 carbons, in still other embodiments, alkyl is a "C« alkyl" and the group contains 2 
to 6 carbons. In some embodiments alkyl contains 1 to 3 carbons, some embodiments contam 1 to 
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2 carbons and some embodiments contain 1 carbon. Examples of an alkyl include, but not limited 
to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, t-butyl, sec-butyl, and the like. 

The terra "Q^ alkylsulfinyF' denotes a alkyl radical attached to a sulfoxide radical of 
the formula: -S(0)- wherein the alkyl radical has the same definition as described herein. ExanQ)les 
include, but not limited to, methylsulfinyl, ethylsulfinyl, n-propylsulfinyl, iso-propylsulfinyl, n- 
• butylsulfinyl, sec-butylsulfinyl, iso-butylsulfinyl, t-butyl, and the like. 

The term "Ci^ allQ^lsulfohyl" denotes a Ci^ alkyl radical attached to a sulfone radical of 
the fonnula: -S(0)2- wherein the alkyl radical has the same definition as described herein. 
Examples include, but not limited to, melhylsulfonyl, ethylsulfonyl, n-propylsulfonyl, iso- 
propylsulfonyl, n-buitylsulfonyl, sec-butylsulfonyl, iso-butylsulfonyl, t-butylsulfonyl, and the like. 

TbR \smi "Ci^ alkylthio" denotes a alkyl radical attached to a sulfide group of the 
formula: -S- wherein the alkyl radical has the sam&definition as described herein. Examples 
include, but not limited to, mefliylsulfimyl (i.e., CH3S-), ethylsulfenyl, n-propylsulfenyl, iso- 
propylsulfanyl, n-butylsulfanyl, sec-butylsulfanyl, iso-butylsulfanyl, t-butyl, and the like. 

Hie term "Ci^ alkynyl" denotes a radical containing 2 to 6 carbons and at least one 
carbon-carbon tnp\& bond, some embodiments are 2 to 4 carbons and some embodiments have 2 
carbons. Examples of an alkynyl include, but not limited to, ethynyl, prop-l-ynyl, 3-prop-2-ynyl, 
but-l-ynyl, l-methyl-prop-2-ynyl, buta-l,3-diynyl, and the like. The term "allq^nyl" includes di- 
ynes. 

The term "amino" denotes the group -NH2. 

Hie term Xing alkylamino" denotes one alkyl radical attached to an ammo radical wherein 
the alkyl radical has the same meaning as described herein. Some examples include, but not limited 
to, methylamino, ethylamino, n-propylamino, iso-propylamino, n-butylamino, sec-butylamino, iso- 
butylamino,t-butylamino, and the like. Some ^bodiments are alkylamino." 

The term "aryl" denotes an aromatic ring radical containing 6 to 10 ring carbons. 
Exan^les include phenyl and naphthyl. 

The term "carbo-Ci^-alkoxy" denotes a Ci^ alkyl ester of a carboxylic acid, wherein the 
alkyl group is as defined herein. Examples include, but not limited to, carbomethoxy, carboethoxy, 
carbopropoxy, carboisopropoxy, carbobutoxy, carbo-sec-butoxy, caibo-iso-butoxy, carbo-t-butoxy, 
and the like. 

The term "carbokamide" refers to the group -GONHj. 

The term "carboxy" or "carboxyl" denotes the group -CO2H; also referred to as a 
carboxylic acid group. 

The term "cyano" denotes the group -CN. 

The term "C3.7 cycloaU^r* denotes a saturated ring radical containing 3 to 7 carbons; some 
embodiments, contain 3 to 6 carbons, some embodiments contain 3 to 5 carbons; some 
embodiments contain 3 to 4 carbons. Examples include, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl. 
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The tenn haloalkyltbio" denotes a haloalkyi ladical directly attached to a sulfur atom 
wherein the haloalkyi has the same meaning as described herein. 

The term "halogen" or "halo" denotes to a fhioro, chloro, bromo or iodo group. 
The tenn "C3.7 heterocycloalkyl" denotes a cycloalkyl, as defined herein, wherein one, 
5 two or three ring caibons are rqjlaced witii a heteroatom, such as, O, S, N, wherein the N is 

substituted with H, Cm acyl or Cm alkyl and ring carbon atoms optionally substituted with 0x0 or a 
thiooxo thus forming a carbonyl or thiocarbonyl group. The heterocyclic group is a 3-, 4-, 5-, 6- or 
7-membered containing ring. Examples of a heterocyclic group include but not limited to aziridin- 
1-yl, a2iridin-2-yl, azetidin-l-yl, azetidin-2-yl, azetidin-S-yl, piperidin-l-yl, piperidin4-yl, 
10 morpholin-4-yl, piperzin-l-yl, pq)«zm-4-yl, pyrrolidin-l-yl, pyrrolidin-3-yl, and the like. 

The term "C3.7 heterocydoalkenyr' denotes a cycloalkenyl, as defined herein, wherein 
one, two or three ring caibons are replaced with a heteroatom, such as, 0, S, N, wherein the N is 
substituted with H, Cm acyl or Cm aBcyl and ring carbon atoms optionally substituted with 0x0 or a 
thiooxo thus forming a carbonyl or thiocarbonyl grou^). The heterocyclic group is a 3-, 4-, 5-, 6- or 
1 5 7-membered containing ring. Examples of a heterocyclic group include but not limited to aziridin- 

1-yl, aziridin-2-yl, azetidin-l-yl, azetidin-2-yl, azetidin-3-yl, piperidin-l-yl, piperidin-4-yl, 
morpholin-4-yl, piperzin-l-yl, piperzin-4-yl, pyrrolidin-l-yl, pyrrolidin-3-yl, and the like. 

The term *Tieteroaryl" denotes an aromatic ring system that may be a single ring or two 
fused rings containing 2 to 9 carbons and at least one ring heteroatom selected ftom 0, S and N. 
20 Examples of heteroaryl groups include, but not Kmited to, 5-membered heteroaryl including 

isoxazolyl, isottiiazolyl, pyrazolyl, pyirolyl, furanyl, thienyl, oxazolyl, thiazolyl, unidazolyl, 
oxadiazolyl, thiadiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, and the like; 6-membered heteroaryl 
inchiding, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, triazmyl, and the like; and two fiised ring 
heteroaryl including benzofiiranyl, quinolinyl, isoquinoUnyl, benzoxazolyl, benzothiazolyl, 
25 benzimidazolyl, quinazolinyl, quinoxalinyl, and the like. 

The term "hydroxyl" denotes the group -OH. 
The term "nitre" denotes the group -NO2. 
The term "thiol" denotes the group -SH. 
The term CODON shall mean a grouping of three nucleotides (or equivalents to nucleotides) which 
30 generally comprise a nucleoside (adenosine (A), guanosine (G), cytidine (Q, uridine (U) and thymidine (T)) 
coupled to a phosphate group and which, when translated, encodes an amino acid. 

The term COMPOSITION shall mean a material comprismg at least two conipounds or two . 
conq)onents; for exanc^le and without limitation, a Pharmaceutical Composition is a Con^josition 
comprising a compound of the present invention and a pharmaceutically acceptable carrier. 
35 The term COMPOUND EFFICACY shall mean a measurement of the abiUty of a compound to 

inhibit or stimulate receptor functionality, as opposed to receptor binding afBnity. 

The term CONSTITUTIVELY ACTIVATED RECEPTOR shall mean a tecGptoi subject to 
constitutive receptor activation. 
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TlietennCX)NOTnmVERECEPTORACTIVATION shaU mean stabilization of a receptor 
infteactivestatebyrneansotherlhanbindingofthereceptorwilhitsend^^ 

equivalent thereof. • - *. tu 

' Tie terms CONTACT or CONTACTING shaU mean bringing the indicated moieties together. 
wheth«inan^vi^systemoran^«v^vc,systemTlius/-c«ntactinraRUP25rec^^^ 
oftheinventionincludestheadministrationofacompomdofthepresentinventiontoa^ 
eKampleahuman.havingaRUF25receptor..weUas, for example, introducingacoi^^^^ 
Mvenlionintoasamplecontainingacellularormorepurifiedpreparationcontay^^ 

CORONARY HEART DISEASE is intended herein to encompass disorders compnsmg a 
narro^ingofthesmaUbloodvesselsthatsupplybloodandoxygentolheheart Coronary heart disease 
usually results fiomthebuildup of fetty material andplacpe. AS thecoron^ 
bloodto theheartcanslowor stop. Coronary heart disease cancansechestpain(^^^^ 

of breath, heart attack or otba: symptoms. 

DECREASEisusedtorefertoareductioninameasurablequantityandis^xsedsynonymously 

with the terms "reduce", "dimmish", "lower" and "lessen". ^ ^ 

DIABETES as used herein is intended to encompass .he usual diagnosis of DIABEIES made ftom 
any ofthemethodsincluding,butnot limited to. the foEowing list symptomsofdiabetes(.g^ 

poldipsia,polyphagia)pluscasualpla^glucoselevelsofgreaterthanoreq^ 
calalpla^glucoseisdefined^yt^eofeiedayregardlessoflhctimingofm^ 
8hourfastingplasmaglucoselevelsoflessflianorequal.ol26mg/dl;andplasma^^^ 
fl^or equal to 200mg/dl2hoursfoUovmgoraladminis.rationof75ganhydrousgta^^ 



water. 



•IhephraseDISORDERS OFliPID METABOLISM is intended herein to include, butnotbe 
limited to, dyslipidemia. 

25 Tte term DYSLIPIDEMIA is intended herein to encompass disorders compnsmg any one of 

elevated level of plasma fiee fatty acids, elevated level of plasma chole^^rol. elevated leveU^ 

cholesterol, reduced level ofHDL^Uesterolandelevated level of plasma tdgl^^ 

The phrase IN NEED OF TREATMENT, as usedherein, refers to ajudgmentmadeby a 
caregiver (e.g. physici^. nurse, nurse practitioner, etc. in the case of humans; vet«^ 

30 animals,includingno^humanmammals)fliatanindividualor.animalm^^ 

treatment llus judgment ismadebasedonavariety of fectors that are in the reahnofac.^^^^^ 

expertise.thatincludesthela«,wledge1hattheindividualisiUorwi^ 
conditionor disorderthatistreatablebylhecompoundsofthe invention. Fur*^^^ 
t^ent"' also refers to the ••prophylaxis" of an individual which is the j^^^^^^ 
35 fl^ttheindividualwillbecomeill. in this context, the compounds ofthe invention are used in aprotectve 
orpreventivemanner. Accordingly, ''in need of treatment"' refers to thejudgmentof the careg.v«^ 
individual is already iU or wiUbecomeiU and the compounds of thepresentinventioncanbeusedt^ 

alleviate, inhibit, ameUorate or prevent the disease, condition or disorder. 
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Hie terni INDIVIDUAL as used herein refers to any animal, inctuding mammals, for example, 
mice, rats, other rodents, rabbits, dogs, cats, swine, cattle, sheep, horses or primates and in one embodiment, 
humans. 

The terms INHffilT or INHIBmNG, in relationship to the tma "response" shall mean Aat a 
5 response is decreased or prevented in the presence of a compound as opposed to in the absence of the 

compound , • 

INSULIN RESISTANCE as used herein is intended to encompass the usual diagnosis of insulin 
_ . resistance made by any of a number of methods, inchiding but not restricted to: the intravenous glucose 
tolerance test or measurement of the fasting iasuUn level It is well known diat ttiere is an excellent 
10 correlation between the height of the fasting insulin level and the degree of insulin resistance. Therefore, 
one could use elevated fasting insulin levels as a surrogate marker for insulin resistance for the purpose of 
identifying which normal glucose tolerance (NGT) individuals have insulin resistance. A diagnosis of 
insulin' resistance can also be made using the euglycemic glucose clan^ test 

The term INVERSE AGONISTS shall mean moieties that bind the endogenous form of the 
15 receptor or to the constitutively activated form of the recq)tor and which inhibit the baseline intracellular 
response initiated by the active form of the receptor below the normal base level of activity which is 
observed in the absence of agonists or partial agonists or decrease GTP binding to membranes. In some 
embodiments, the baseline intracellular response is inhibited in the presence of the inverse agonist by at 
least 30%, in other embodiments, by at least 50% and in still other embodiments, by at least 75%, as 
20 compared with the baseline response in the absence of the inverse agonist 
/ The term UGAND shall mean an endogenous, naturally occuning molecule specific for an 

endogenous, naturally occurring receptor. 

The phrase METABOLIC-RELATED DISORDERS is intended herein to inchide, but not be 
limited to, dysUpidemia, atherosclerosis, coronary heart disease, insulin resistance, obesity, impaired 
25 glucose tolerance, atheromatous disease, hypertension, stroke, Syndrome X, heart disease and type 2 
diabetes. 

As used herein, the terms MODULATE or MODULATING shall mean to refer to an increase or ' 
decrease in the amount, quality, response or effect of a particular activity, function or molecule. 

The term PHARMACEUTICAL COMPOSITION shall mean a composition for preventing, 
30 treating or controlling a disease state or condition comprising at least one active compound, for exanqjle, a 
compound of the present invention including pharmaceutically acceptable salts, pharmaceutically acceptable 
solvates and/or hydrates thereof and at least one pharmaceutically acceptable carrier. 

The temi PHARMACEUTICALLY ACCEPTABLE CARRIER or EXCIPIENT shall mean 
any substantially inert substance substance used as a diluent or vehicle for a compound of the present 
35 invention. 

The phrase THERAPEUTICALLY-EFEECTIVE AMOUNT as used herein lefm to the 
amount of active compound or pharmaceutical agent that elicits the biological or medicinal response in a 
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tissue; systen, animal, individual or hun^nlhatisbeingsou^^ 

or other clinician, which mcludes one or more of the Mowing: 

(1) I^ventingthedisease;forexample.preventingadisease.conditionordisorderi^ 

fl«tmaybepredisposedtolhedisease.condWonordisorderbutdoesnotyet«^^^ 

5 pafliology or symptomatology of flie disease, 

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder in an individual 
thatisexperiencingordisplayingtepathologyorsymptomatologyofthedis^^^ 

(i e arresting further development of the pathology and/or symptomatology) and 

(3) AmeUoratingthedisease;forexample,ameUoratingadisease.conditionordisorderinan 

10 individudthatisexperiencingordispkyingthepa1hologyorsymptomau>logyofthed^^ 
disorda:(Le.,reversL 



COMPOUNDS OF THE INVENTION 

One aspect of the present invention encompasses 4^xo-4.5-dihydro-fiiran-2-carboxyUc acid and 

1 5 ester derivatives as shown in Formula (I): 

■ :y/o- 

oo 

wherein: 

RiisHorCi^alkyl; 

R2 is H, halogen. Cm aUO'l or Cm haloalkyl; 
20 R3isaryl.C,..cycloalkyi.C3.7cycloalkenyUeteioaryl.C3.7heterocycloalkylorC„ 

hetemcycloalkenyl wherein each areoptionally substituted withltoSsubstituen^ 
consisting of acyloxy. C« alkenyl. alkoxy. C.^ alkyl, C. alkylcarboxamide. alkynyl. 
alkylsulfonamide. C.. alkylsulfinyl. C.. alkylsulfonyl. C.. alkyl^iio, alkylureyl. alkylammo, 
amino, aryl. substituted aryl. carbo-C-alkoxy, carboxamide, cyano. C,. cycloalkyl, di^lammo, C« 
25 dialkylcarboxamide. C« dialkylsulfonamide, halogen, C,^ haloalkoxy. C,^ haloalkyl. C,^ 

haloalkylsulfinyl.C«haloalkylsulfonyl.C,.haloaIkylthio,heter^^^^ substituted heteioaryUydroxyl. 

nitro and thiol; and . ^ , „ , i. • 

R,isselectedfromthegroupconsistingofH.C«alkyl.C3.^cloalkylandC«hdoalky^ 

each are optionally substituted with 1 to 5 substituents selected fiom flie group consisting of C« acyloxy. 
30 alkenyl. alkoxy. C.^ alkyl, C. alkylcaiboxamide. C« alkynyl. alkylsulfonamide, C,. 

alkylsulfinyl, C.. alkylsulfonyl. C« alkylthio. alkylureyl. alkylamino. amino, carbo-C,.-alkoxy. 
carboxamide. cyano. C„cycloalkyl.C«dia]kylamino.C..dialkyk^^^^ 
halogen.C..haloalkoxy.C«haloalkylC«haloalkylsulfinyl.C,.halo^^^ 

hydroxyl, nitro and thiol; or 
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a phaimaceutically acceptable salt, hydrate or solvate thereof. 

In some embodiments, when Ri and R2 are both H and R4 is methyl, then R3 is not phenyl or 4- 
chlorophenyL 

In some embodiments, when Ri and R2 are both H and R4 is isopropyl, then R3 is not phenyl. 
5 In some embodiments, when Ri and R4 are bOth methyl and R2 is H, flien R3 is not phenyl 

One aspect of the present invention encon:q)asses 4-oxo-4,5-dihydro-furan-2-caiboxylic acid and 
ester derivatives as shown in Formula (I): 




or a pharmaceutically acceptable salt, hydrate or solvate thereof wh^ein: 
10 RiisHorCi-ealkyl; 

R2 is H, halogen. Cm aJkyl or Cm haloalkyU and 

A) R3 is aiyl, C3.7 cycloalkyl, C3.7 cycloalkenyl, heteroaryl, C3_7 heterocycloaUcyl or C3-7 
heterocycloalkenyl wherein each are optionally substituted with 1 to 5 substituents selected from the group 
consisting of Cm acyloxy, C2^ alkenyl, Cm alkoxy, Cm alkyl, Cm alkylcadjoxamide, C2^ alkynyl, Cm 

15 alkylsulfonamide, Cm alkylsulfinyl. Cm alkylsulfonyl, Cm alkylthio, Cm alkylureyl, Cm alkylamino, 

amino, aryl, substituted aryl, carbo-Cj ^-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, C2.6 dialkylamino, C2^ 
dialkylcaiboxamide, C2^ dialkylsulfonamide, halogen. Cm haloalkoxy, Cm haloalkyl. Cm 
haloalkylsulfinyl, Cm haloalkylsulfonyl. Cm haloalkylthio, heteroaryl, substituted heteroaryl, hydroxyl, 
nitro and thiol; and 

20 R| is selected from the group consisting of H, ethyl, n-propyl, C« alkyl, C3-6-cycloalkyl 

and Cm haloalkyl wherein each are optionally substituted witii 1 to 5 substituents selected from the group 
consisting of Cm acyloxy, Cz^ alkenyl, Ci^ alkoxy, Cm alkyl. Cm alkylcarboxamide, Cm alkynyl. Cm 
alkylsulfonamide, Cm alkylsulfinyl, Cm alkylsulfonyl^ Cm alkylthio, Cm alkylureyl, Cm alkylamino, 
amino, carbo-CM-alkoxy, caiboxamide,*cyano, C3.7 cycloalkyl, C2^ dialkylamino, diallqrlcaiboxamide, 

25 C2^ dialk^sulfonamide, halogen, Cm haloalkoxy, Cm haloalkyl. Cm haloalkylsulfinyl, Cm 
haloalkylsulfonyl. Cm haloalkylthio, hydroxyl, nitro and thiol; 
or 

B) R3 is a substituted phenyl, 2-chlorophenyl, 3-chlorophenyl, naphthyl, C3.7 cycloalkyl, C3.7 
cycloalkenyl, heteroaryl, C3.7 heterocycloalkyl or C3.7 heterocycloalkenyl wherein the 2-chlorophenyl, 3- 

30 chlorophenyl, naphthyl, C3.7 cycloalkyl, C3.7 cycloalkenyl, heteroaryl, C3.7 heterocycloalkyl and C3.7 

heterocycloalkenyl are optionally substituted with 1 to 5 substituents selected from the group consisting of 
Cm acyloxy, C2-6 alkenyl, Ci^ alkoxy, Cm alkyl, Cm alkylcarboxamide, C2^ alkynyl, Cm alkylsulfonamide. 
Cm alkylsulfinyl, Cm allqflsulfonyl. Cm alkylthio, Cm alkylureyl, Ci^ alkylamino, amino, aryl, substituted 
aryl, carbo-CM-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, C2^ dialkylamino, C2-6 diaUcylcarboxamide, 
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hydrc«yl.nitroandthiol. ,„es all lautomers that can exist for decompounds disclosed 

^epresent^venUonalsoencomp-^^^^ ^,.3.doder 
herein Forexample.butnotlinutedto.wheaR.iBH.eno 

^utomersarewithmthe«.peoftiieinven.^^ ^^^^^^^^.^^ 
^..esent^v^tion^^-d^ter^^^^^ 

enantiomersmcIudingracenucxn«tures.as present invention. Insome 

asaconsequenceofslructuralasymmetrymce^mc^^^^^^^ 

,^,^en..con.oundsofdepresentmven.n.ee^^^^^^ 

compoundshavingapercentenantiomerK^^-s^.^^^^^^^ ^^^^ 
..poundsof^epresent— --^^^^^ .some 
e„richedwiththeSenantiomers.Insome ^s. 
, emhod.ents.compo.dso.^«^en^^^^^^ 

Itisappreciatedthatcertamfeaturesofthe ^^^^^diment Conversely. 

■ = f«.hites of the invmtion which are, tor Drevuy, 
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such salts can be prepaied by reacting the free acid or base forms of &esie compounds with a stoidiiometiic 
amount of the appropriate base or acid in water or in an organic solvent or in a mixture of ttie two; 
generally, nonaqueous media like e&er, ethyl acetate, ethanol, isopropanol or acetonitriie are preferred. 
Lists of suitable salts are found in Remington's Pliamiaceutical Sciences, 17lh ed., Mack Publishing 
5 Company, Easton, Pa., 1985, p. 1418 and the most recent edition thereof; md Journal of PJiarmaceutical 
Science, 66, 2 (1977), each of which is incorporated herein by reference in its entirety. 

As used herem, "substituted" indicates that at least one hydrogen atom of the chemical group is 
replaced by a non-hydrogen substituent or group. When a chwnical group herein is "substituted" it may 
haye up to the full valance of substitution; for example, a methyl group can be substituted by 1, 2 or 3 

1 0 substituents, a mefliylene group can be substituted by 1 or 2 substituents, a phenyl group can be substituted 
by 1, 2, 3, 4 or 5 substituents, a naphfliyl group can be substituted by 1, 2, 3, 4, 5, 6 or 7 substituents, and the 
like. ■ 

In some embodiments, "substituted aryl" indicates an aiyl group substituted with 1 to 5 substituents 
selected from the group consisting of Ci^ acyloxy, C2-6 alkenyl, Ci^ alkoxy, alkyl, Ci^ 

15 alkylcaiboxamide, Cj^ alkynyl, Ci^' alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl, Ci-e alkylthio, 
Ci^ alkylureyl, Ci^ alkylamino, amino, caibo-Ci^alkoxy, carboxamide, cyano, C3.7 cycloalkyl, Oz^ 
dialkylamino, C2-6 dialkylcarboxamide, dialkylsulfonamide, halogen, Ci^ haloalkoxy, haloalkyl, 
Ci^ haloalkylsulfinyl, Ci^ haloalkylsulfonyl, Cj-e haloalkylthio, hydroxyl, nitro and thiol. 

In some embodiments, the term "substituted phenyl" indicates a phenyl group substituted with 1 to 

20 5 substituents selected from the group consisting of Ci^ acyloxy, Qi^ alkenyl, Ci_6 alkoxy, Ci-e alkyl, 

alkylcaiboxamide, Ci^ alkynyl, Ci^ alkylsulfonamide, alkylsulfinyl, Ci^ alkylsulfonyl, Ci-6 alkylthio, 
Ci^ alkylureyl, Ci^ alkylamino, amino, aryl, substituted aryl, carbo-Ci^^-alkoxy, carboxamide, cyano, C3.7 
cycloalkyl, €2^ dialkylamino, dialkylcarboxamide, dialkylsulfonamide, F, Br, I, Ci-6 haloalkoxy, 
Ci^ haloalkyl, Ci^ hatoalkylsulfinyl, Ci^ haloallq^lsulfpnyl, Ci^ haloalkylthio, heteroaryl, substituted 

25 hetaroaryl, hydroxyl, nitro and thiol. 

In some embodiments, the term "substibted heteroaryl" indicates a heteroaryl group substituted 
with 1 to 4 groups selected from the group consisting of Ci^ acyloxy, C2-6 alkenyl, Ci^ alkoxy, Ci^ alkyl, 
Ci^ alkylcarboxamide, C2-6 alkynyl, Ci^ alkylsulfonamide, Ci-e alkylsulfmyl, Ci^ alkylsulfonyl, Ci^ 
alkylthio, Ci^ alkylureyl, Ci^ alkylamino, amino, carbo-Ci^-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, • 

30 Ci^ dialkylamino, dialkylcarboxamide, Qi^ dialkylsulfonamide, halogen, Ci^ haloalkoxy, C1.6 
haloalkyl, Ci^ haloalkylsulfinyl, haloalkylsulfonyl, Ci^ haloalkylthio, hydroxyl, nitro and thiol. 

In some embodiments, Ri is Ci^ alkyL In some embodiments, Ri is methyl or ethyl. In some 
embodiments, Ri is methyl. In some embodiments, Ri is ethyl 
In some embodiments, Ri is alkyL 

35 In some embodhnents, Ri is H and can be repres wited by Formula (la) as shown beloW: 
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(la) 

• „«rf6scnT3edherein.sMpn«and»t/ra. 
In some embodiments, R2 IS n ^ 




10 



. -v. -1 win. supra and in/ra-msoni^ 
. ,„rtc^has1hesamemeanuigasdescribedlierem,™pra 

In«,meembodiments.R.«tologeaInsome 
alnsomeembodiments.R.isBr. ^^^^^^entB.ismethyUU.,-CH3)andcanbe 

to some embodiments. IS Cm aU^yi- 
^«sentedbyFonnula(Ie)asshownbelow: 




R4- ^ 

^CH3 
(le) 



15 



20 



Cle) a and in/ro 
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In some embodiments, R4 is Ci^alkyL In some embodiments, R4 is methyl. In some 
embodiments, R4 is etfayl. 

In some embodiments, R4 is Cj^ haloalkyl. In some embodiments, R4 is trifluoromethyl (i.e., -CF3), 
difhioromethyl (Le., -CHF^ or fluoromethyl (Le., -CH2F). In some embodiments, R4 is trifluorometiiyL In 
5 some embodiments, R4 is pentafluoroethyl (Le., -CF2CF3), 2,2,2-trifIuoroethyl (i.e., -CH2CF3) or 1,1- 
difluoroethyl (i.e., -CF2CH3). 

In some embodiments, R3 is aryl, C3.7 cycloalkyl, C3.7 cycloalkenyl, heteroaryl, €3,7 
heterocycloalkyl or C3.7 heterocycloalkenyl wherein each are optionally substituted with 1 to 5 substituents 
selected from the groiq) consisting of Ci^ acyloxy, C2-6 alkenyl, Ci^ alkoxy, C|^ alkyl, Ci^ 

10 alkyicarboxamide, €2^ alkynyl, Ci^ alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl, Cj^ alkylthio, 
Ci^ alkylureyl, alkylamino, amino, aryl, substituted aryl, caibo-Ci^-alkoxy, caiboxamide, .cyano, C^7 
cycloalkyl, C2-6 dialkylamino, €2^ dialkylcarboxamide, C24 dialkylsulfonamide, halog^i, haloalkoxy, 
Ci.6 haloalkyl, haloalkylsulfmyl, C1.6 haloalkylsulfonyl, Ci.^ haloalkylthio, heteroaiyl, substituted 
heteroaryl, hydroxyl, nitro and thiol. 

15 In some embodiments, R3 is a substituted phenyl, 2-chlorophenyl, 3-chlorophenyl, naphthyl, C3.7 

cycloalkyl, C3.7 cycloalkenyl, heteroaryl, C3.7 heterocycloalkyl or C3.7 heterocycloalkenyl wherein the 2- 
chlorophenyl, 3-chlorophenyl, naphthyl, C3.7 cycloalkyl, C3.7 cycloalkenyl, heteroaryl, C3-7 heterocycloalkyl 
and C3.7 heterocycloalkenyl are optionally substituted with 1 to 5 substituents selected from the group 
consisting of acyloxy, alkenyl, Ci-6 alkoxy, alkyl, Cj.6 alkyicarboxamide, Cz^ alkynyl, Ci^ 

20 alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl, Ci^ alkylthio, Ci^ alkylureyl, Ci^ alkylamino, 

amino, aryl, substituted aryl, carbo-Ci^-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, C2-6 dialkylamino, C2-6 
dialkylcarboxamide, dialkylsulfonamide, halogen, Ci^ haloalkoxy, Ci^ haloalkyl, Ci^ . 
haloalkylsulfinyl, haloalkylsulfonyl, Ci^ haloalkylthio, het^aryl, substituted heteroaryl, hydroxyl, 
nitro and thiol 

25 In. some embodiments, R3 is substituted phenyl, 3-chlorophenyl, C3.7 cycloalkyl, C3.7 cycloalkenyl 

or heteroaryl, wherein said 3-chlorophenyl, C3.7 cycloalkyl, C3.7 cycloalkenyl and heteroaryl are optionally 
substituted with 1 to 5 substituents selected from the group consisting of C2-6 alkenyl, alkoxy, Ci^ alkyl, 
aryl, cyano, halogen, Ci^ haloalkyl and heteroaryl. 

In some embodiments, R3 is aryl optionally substituted with 1 to 5 substituents. In some 
30 embodiments, compounds can be represented by Formula (Ig) as shown below: 

R8 
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wherein Ri, R2 and R4 are as defined herein supra and infra and R5 to R9 are each independently selected 
ftom the group consisting of H, C,^ acyloxy, Ci^ alkenyl, C,^ alkoxy, C,^ alkyl, C,^ alkylcarboxamide, Cj- 
6 alkynyl, Ci^ alkylsulfonamide, Ci^ alkylsulfmyl, alkylsulfonyl, Cj^ alkylthio, Cj^ alkylureyl, Ci^ 
alkylamino, amino, aryl, substituted aryl, carbo-Ci^-alkoxy, carboxamide, cyano, C3.7 cycloalkyl, C2-6 
5 dialkylamino, Cz^ dialkylcarbdxamide, dialkylsulfonamide, halogen, haloalkoxy, Ci-s haloalkyl, 
Ci^ haloalkylsuLBnyl, Cj^ haloalkylsulfonyl, Ci-6 haloalkylthio, heteroaryl, substituted heteroaryl, hydroxyl, 
nitro and thiol 

Jn some embodiments, conqwunds of Ihe present invention are of Formula (Ig) wherein Ri, R2 and 
R4 are as defined herein supra and infra, R5, lU, Rs and R9 are each independently selected firom the groiq) 
10 consisting of H, Ci^ acyloxy, Ca^. alkenyl. Ci^ alkoxy, Ci^ alkyl, Ci^ alkylcarboxamide, alkynyl, Ci^ 
allQrlsulfonamide, Ci-6 alkylsulfinyl, Ci^ alkylsulfonyl, Ci^ allQ^lthio, Ci^ alkylureyl, Ci^ alkylamino, 
• amino, aryl, substituted aryl, carbo-C|-6-alko3Q^, carboxamide, cyano, C3-7 cycloalkyl, C2-6 dialkylamino, 
dialkylcaiboxamide, dialkylsulfonamide, halogen, Ci^ haloalkoxy, Ci^ haloalkyl, Ci^ 
haloalkylsulfinyl, Ci^ haloalkylsulfonyl, C,^ haloalkylthio, heteroaryl, substituted heteroaryl, hydroxyl, 
15 nitro and thiol; and R? is selected from the group consisting of H, Ci^ acyloxy, Ci^ alkenyl, Ci^ alkoxy, Ci^ 
alkyl, C,^ alkylcarboxamide, C2-6 alkynyl, Cj^ alljyisulfonamide, C,^ alkylsulfinyl, Ci^ alkylsulfonyl, Ci^s 
alkylthio, C,^ alkyhireyl, Ci-6 alkylamino, amino, aryl, substituted aiyl, carbo-C,^-alkoxy, carboxamide, 
cyano, C3.7 cycloalkyl, Ci^ dialkylamino, C2-6 dialkylcaiboxamide, dialkylsulfonamide, F, Br, I, Ci^ 
haloalkoxy, Ci^ haloalkyl, haloalkylsulfinyl, C w haloalkylsulfonyl, Ci^ haloalkylthio, heteroaryl, 
20 substituted heteroaryl, hydroxyl, nitro and tiiioL 

In some embodiments, R3 is selected from the grdiq) consisting of biphenyl-3-yl, 3-thiophen-2-yl- 
phenyl, 3-bromo-phenyl, 3-iodo-phenyl, 3-chloro-phenyl, 3-fluoro-phenyl, 3,5-difluoro-phenyl, m-tolyl, 3- 
ethyl-phenyl, 3-trifluoromethyl-phenyl, 4-fluoro-phenyl, 2-fluoro-phenyl, 3,4-difluoro-phenyl, 2,4-difluoro- 
ph^yl, 2,6-difluoro-phenyl, 2,5-dichloro-phenyl, 3-methoxy-phenyl, 3,5-dichloro-phenyl, 3-cyano-phenyl, 
25 3-piopenyl-phenyl, 3-hex-l-enyl-phenyl and 3-vinyl-phenyl, 

In some embodiments, when R5, R^, Rg and are all H, then R7 is not CL 
In some embodiments, at least one R5, R^, R7. Rs and R9 is a group other than H, 
In some embodiments, R3 is phenyl optionally substituted with Cm alkyl, aryl, substituted aryl, 
halogen, Ci^ haloalkyl, heteroaryl or substituted heteroaryl 
30 In some embodiments, R3 is phenyl optionally substituted with Ci^ alkyl, aryl, halogra, Ci^ 

haloalkyl or heteroaryl. In some embodiments, R3 is phenyl optionally substituted with methyl, ethyl, 
phenyl, F, CI, Br, I, trifluoromethyl or thiophene. 

In some embodiments, R3 is a substituted phenyl In some embodiments, R3 is a phenyl substituted 
with 1 to 5 substituents selected from the group consisting of Ci^ alkyl, aryl, substituted aiyl, F, Br, I, C,^ 
35 haloalkyl, heteroaryl and substituted heteroaryl. In some embodiments, the phenyl is substituted with 1 to 5 
substituents selected from the group consisting of metiiyl, ethyl, phenyl, F, Br, I, trifluoromethyl and 
thiophene. 
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In some embodiments, R3 is 2-chlorophenyl or 3-chloiophenyl wherein eadi is optionally 
substituted with 1 to 4 substituents selected from the groi^ consisting of Ci^ dUkyi^ aiyl, substituted aryl, 
halogen, C|_6 haloaJkyl, heteroaryl and substituted heteroaryl. In some embodiments, R3 is 2-chlorophenyl or 
3-chlorophenyl wherein each is optionally substituted with 1 to 5 substituents selected from flie group 
consisting of methyl, ethyl, phenyl, F, CI, Br, trifluorometiiyl and tiiiophene. 

In some embodiments, R3 is C3.7 cycloalkenyl optionally substituted with 1 to 5 substituents. In 
some embodiments, R3 is cyclopentenyl optionally substituted with 1 to 5 substituents. In some 
embodiments, R3 is cyclohekenyl optionally substituted with 1 to 5 substituents. 

' In some embodiments, R3 is heteroaryl optionally substituted with 1 to 4 substituents. In some 
embodiments, R3 is heteroaryl optionally substituted with 1 to 4 substituents each ind^endentiy selected- 
from the group consisting of Ci^ alkyl, halogen and Ci^ haloalkyl; In some embodiments, R3 is heteroaryl 
optionally substituted with 1 to 4 substituents each independentiy selected from the group consisting of 
methyl, ethyl, F, CI, Br, I and trifluoromethyL 

" In some embodiments, R3 is a 5-membered heteroaryl optionally substituted with 1 to 4 
substituents. In some embodiments, R3 is a tiiienyl and can be rq)resented by Formula (li) as shown below: 



wherein Ri, R2 and R4 m Formula (IQ are as defined herein supra and infra and Rs to R7 are each 
independentiy selected from the groiq) consisting of H, C^ acyloxy, Ci^ alkenyl, Cm alkoxy, C|^ alkyl, Ci. 
6 alkylcarboxamide, €2^ alkynyl, Ci^ alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl, CU alkyltiiio, 
Ci^ alkylureyl, Cj^ alkylamino, amino, aryl, substituted aryl, carbo-Ci ^-alkoxy, carboxamide, cyano, C3.7 
cycloalkyl, C2^ dialkylamino, €2^ dialkylcarboxamide, dialkylsulfonamide, halogen, Ci^ haloalkoxy, 
Ci^ haloalkyl, Ci^ haloalkylsulfinyl, Ci^ haloalkylsulfonyl, Ci^ haloalkylthio, heteroaryl, substituted 
heteroaryl, hydroxyl, nitro and thiol. In some embodiments, R3 is tiiienyl optionally substituted witii Ci^ 
alkyl, halogen or Ci^ haloalkyl. In some embodiments, R3 is tiiienyl optionally substituted widi metiiyl, 
ethyl, F, Ci, Br, I or trifluorometiiyl. 

Li some embodiments, R3 is selected fiiom the group consisting of thiophen-3-yl, thiophen-2-yl, 4- 
bromo-tiiiophen-2-yl, 5-mefliyl-tiiiophen-2-yl, 5-chloro-tiiiophen-2-yl, 5-bromo-thiophen-3-yl, 5-chloro- 
thiophen-3-yl, 4-bromo-5-metiiyl-thiophai-2-yl, pyridin-3-yl, furan-2-yl, 4-metiiyl-thiophen-2-yl and 5- 
methyl-thiophen-3-yL 

In some embodiments, R3 is thien-2-yl optionally substituted witii 1 to 3 substituents and can be 
represented by Formula (Ik) as shown below: 



R5 - R7' 




(K) 
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Re 




(Ik) 

wherein Ri, R2 and R4 in Foimula (Ik) are as defined herein supra and iiifra and R5 to R7 are each 
independently selected from the group consisting of H, Ci^ acyloxy, Cj^ alkenyl, Cue alkoxy, Ci^ alkyl, C,. 
6 alkylcaiboxamide, alkynyl, C,^ alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl alkylthio, 

5 Ci^ alkylureyl, Ci^ alkylamino, amino, aryl, substituted aiyl, caibo-Ci^-alkoxy, caiboxamide, cyano, C3.7 
cycloalkyl, Oi^ dialkylamino, €2^ dialkylcarboxamide, Ci^ dialkylsulfonamide, halogen, Ci-6 haloalkdxy, 
Ci^ haloalkyl, haloalkylsulfinyl, Cw haloalkylsulfonyl, Ci^ haloalkylthio, heleroaiyi, substituted 
heteioaryl, hydroxy!, nilro and thiol. In some embodiments, R5 to R7 are each indepaidently selected from 
the group consisting of H, Ci^s allQ^l, halogen and Cw haloalkyl In some embodiments, R5 to R7 are each 

10 independently selected from the group consisting of H, methyl, ethyl, F, CI, Br, I or trifluoromethyl. 

In some embodiments, R3 is selected from the group consisting of cyclohex-l-enyl, cyclopent-1- 
enyl and cyclopentyl. 

In some embodiments, 
15 RiisH; 

R2isH; 

R4 is Cm alkyl or Ci-e haloalkyl; and 

R3 is substituted phenyl, 3-chloiophen}l, C3.7 cycloalkyl, C3.7 cycloalkenyl or heteroaryl, wherein 
said 3-chlorophenyI, C3.7 cycloall^l, C3.7 cycloalkenyl and heteroaryl are optionally substituted with 1 to 5 
20 substituents selected from the group consisting of C2^ alkenyl, Ci^ alkoxy, Ci^ allgrl, aryl, cyano, halogen, 
Ci^ haloalkyl and heteroaryl 

In some embodim^ts, 
RiisH; 

25 RjisH; 

R4 is methyl, ethyl or trifluoromethyl; and 

R3 is selected from the group consisting of biphenyl-3-yl, 3-thioph^-2-yl-phenyl, 3-bromo-phenyl, 
3-iodoi)henyl, 3-chloro:phenyl, 3-fluoro-phenyl, 3,5-difluoro-phenyl, mrtolyl, 3-ethyl-phenyl, 3- 
trifluoromethyl-phenyl, 3,4.difluorO'.phenyl, 2,4-difluoro-phenyl, 2.6^uoro.phenyl, 2,5-Klichloro-phenyl, 
30 3-methoxy-phenyl, 3,5-dichloro-phenyl, 3-cyano-phenyl, 3.propenyl-i)henyl, 3-hex-l-enyl-phenyl and 3- 
vinyl-phenyl 



In some embodiments. 
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RiisH; 

R4 is methyl, ethyl or trifluorometfayl; and 

R3 is thiemyl optionally substituted with Ci^ alkyl or halogen. 

5 

In some embodiments, 

RiisH; 

R2isH; 

R4 is methyl, ethyl or trifluoromethyl; and 
10 R3 is selected Scorn the group consisting of thiophen-3-yl, thiophen-2-yl, 4-biomo-thiophen-2-yl, 5- 

methyl-fliiophen-2>yl, 5-chloro-thiophen-2-yl, 5-bromo-thiophen-3-yl, 5-chloro-thiophen-3-yl, 4-bromo-5- 
methyl-thiophen-2-yi, pyridin-3-yl, furan-2-yl, 4-methyl-fliiophen-2-yl and 5-methyl-thiophen-3-yl. 

Iq some aspects of each embodiment of the present invention, confounds have m vitro ECso values 
15 at the RUP25 receptor of less than 1/2, 1/3, 1/4 or 1/5 of the in vitro EC50 vahie at the RUP25 receptor for 
acifran. 

METHODS FOR MAKING THE COMPOUNDS OF THE INVENTION 

Synthesis of Compounds of Formula (T) 
20 The compounds of &e invention can be made using conventional organic syntheses and/or by the 

foUowing iilushrative methods. 

In one embodiment of the present invention is a novel synthetic process for the preparation of 

compounds of Formula (I). Hie compounds of the present invention can be prepared according to this 

novel process utilimg a variety of starting materials that are either commercially available or readily 
25 prepared by synthetic regimes that would be femiliar to ones skilled in the art In tiie illustrated syntheses 

outlined below, the labeled substituents have the same identifications as set out in the definitions of the 

compound described above for Formula (I) and throughout this disclosure. 

One metfiod that can be used to prepare confounds of the present invention, wherein R2 is H, C^ 

alkyl or haloalkyl, utilizes intermediates derived firom Compound (B) as illustrated in Reaction Scheme 
30 (1) below: 
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R3 OH 

0 



(D) 



0R1 

0R1 
0R1 




R3- 
R4- 



I 
(la) 



"OH 




R4' 

(D 



■Y'Rl 



Reaction Sdieme (1) 



Compomds of the invention canbeprq^red via Iheiatenn^^ 

By selecting the desi«dCon,pound(B)avarietyofR,andIl.gro^s can be int^ 

of the invention. Compound (B) can either be obtained via commercial sources or prepared by methods 

known to organic chemists. Compound CB)can be reacted With the anion ofDiflilane (A) to provide 
Hydroxydithiane(C). Bases ofappmpiiatesfreng* to form the anion are kno^ in the art. for example but 
nothmitedto/'CMoaMU<hhmibases''suchasmethylHtMum,ethylhfluum.propylhfl^ n-bufyl ' 
hthHun. sec^utyl Ulhium, t-butyl lithium, and the Uke; "C,.,o alkylamide bases" such as hlhimn 

diisopropylamide (ie.. IJ5A). and the like; "metal Cmo alkyldisilam^ 

hexamelhyldisilazane. sodium hexamethyidisilazane, potassium hexamethyldisilazane and like bases 
Hydroxydithiane(C)isdeprotectedtoprovideHydroxyketDne(D). Suitable deprotectmg regents include 
butnothmitedto,mercury.(n).inorganicsahs such as. Hg(C10,),.HgO.Hga,. and the like: ^ 
reagents can be used either separately or in combination with other deprotecling reagent Hy^^^ 

(D):s reacted with OrthoesterCE) in the presence ofabase which can be treated directly wifc an acidto 
Compounds of Formula (1). Suitable bases include alkaU metal alkoxides, for example, sodium methoxide 
sodimn ethoxide. potassium ethoxide. potassium /-butoxide, and the like; metal hydride bases, for example' 
NaH. KH. UH, and the like; and the bases as described above. Compounds of Fonnula (D. where R. is C.l 
idkyl. can be converted to Acid (Ia)via methods known in theart. for example but not limited 

hydrolysis, underbasic conditions such as KOH.Na0H.Li0H,K,C03. and the like; or under 
conditions such as HCl. HBr. HI, H2SO4, H3PO4. and the like. 

Alternately.compoundsofthepresentinventioncanbepreparedutilizinglheReactionSch^ 
as illustrated below: 
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R3^R4 KOtBu, THF Ray-*^ NMD. OSO4 

T - ^ II _ 



Ph 

"'Br (G) 



/ 9 



R3 
R4- 




OH 



R2 



(la) 



7 

(H) 



Acetone/H20 



Rf OH 



(D 

Reaction Scheme (2) 



(J) 



Dess- Martin 
or 

Swem Ox. 



R3 OH 

o 

(D) 



10 



15 



20 



In a similar manner as described herein, supra, by selecting the desired Compound (B) a variety of R3 and 
R4 groups can be introduced into the compounds of the invention. Compound (B) can be converted to 
Olefin (H) via an olefination reaction known in the aft, for example, Wittig Reaction, as shown in the 
Reaction Scheme (2), Peterson Olefination, a modified Hoxner-Wadsworlh-Emihons Reaction, and the like. 
Suitable bases include the bases of appropriate strength to form the anion as known in the art for a particular 
olefination reaction, for example, but not limited to, alkyl lithium bases" such as methyl lithium, ethyl 
lithium, propyl lithhim, n-butyl lithium, sec-butyl lithium, t-butyl lifliium, and the like; '"Cmo alkylamide 
bases" such as lithium diisopropylamide (Le., LDA), and the like; "metal Cmo alkyldisilazane bases" such as 
lithium hexamethyldisilazane, sodium hexamethyldisilazane, potassium hexamethyldisilazane; metal Ci.io 
alkoxide, such as potassium /-butoxide; and like bases. Olefm (H) can be oxidized to provide Diol (J). 
Suitable oxidizing reagents include but not limited to, OSO4, and the like. Diol (J) is subsequently oxidized 
to give Ketone (D). Sutiable oxidation reagents/reactions include, Dess-Martin, Swem Oxidation, Corey 
Oxidation using DMS/NCS and suitable procedures described in Hudlicky, M., Oxidation in Organic 
Chemistry, ACS Monograph 186 (1990), incorporated herein by reference in its entirety. Ketone (D) is 
converted to compounds of the invention in a similar maimer as described above in Reaction Scheme (1). 

One method that can be used to prepare compounds of the present inv^tion, wherein R2 is halogen, 
utilizes compounds of Formula (Ic), wherein R| is C1.6 as illustrated in Reaction Scheme (3) below: 




R3 

6 



0"^^ Halogenating ^><^ | 
Agents q- 




R2 R2 = halogen 



R3 
R4- 




OH 



R2 



ac) 



R2 = halogen . (j) 

Reaction Scheme (3) 



(E) 



Compounds (Ic) can be halogenated to give Compounds of Formula 00, where R2 is halogen, using a 
variety of halog^ating agents. Suitable halogenating agents include, but not limited to, Fi, CI2, Br2, 12, 
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various known fluorinating agents (such as, Selectfluor™, and the like), NCS, NBS, MS, I2 and an Ag 
salt (such as, AgF), and the like. Compounds of Formula (I), where R2 is halogen, can be converted to 
the corresponding carboxylic acids (i.e., confounds of Formula (la) where R2 is halogen) in an 
analoguous manner as described above. 

Compounds of the present invention can be resolved into pure or substantially pure enantiomers 
using methods known in the art One particular method is illustrated in Reaction Scheme (4) as shown 
below: 



10 



15 



20 



25 



O LMsCI. EtaN, 



.0 



Racemic (la) 




o = 



o = 



R2 




conc-HCI 

dioxane 

100°C 



conc-HCI 

dioxane 

100°C 





Reaction Scheme (4) 

Acid (la) can be coupled to a chiral amine to form the corresponding diasteomeric amide mixture. This 
mbtture can be separated using methods known in the art, such as, chromatography, recrystallization, 
and the like. Each diasteromeric acid is independently hydrolyzed to provide the separate enaantiomer. 
One particularly useful chiral amine is (+)-a-methylbenzylamine as shown in Example 10, infra. 

The various organic group transformations and protecting groups utilized herein can be 
performed by a number of procedures other than those described above. References for other synthetic 
procedures that can be utililized for the preparation of intermediates or compounds disclosed herein can 
be found in, for example, Smith, M. B.; and March, J,, Advanced Organic Chgemistry, 5*^ Edition, 
Wiley-Interscience (2001); Larock, R.C., Comprehensive Organic Transforfnatbns, A Guide to 
Functional Group Preparations, 2"*^ Edition, VCH Publishers, Inc. (1999) or Wuts, P. G. M.; Greene, T. 
W.; Protective Groups in Organic Syndesis, 3"* Edition, John Wiley and Sons, (1999), all three citations 
incorporated herein by reference in their entirety. 

Compoimds of the invention may have; one or more chhal centers and therefore exist as 
enantiomers or diastereomers. The inv^tion is understood to extend to all such ^antiomers, diastereomers 
and mixtures thereof, including racemates. Formula (I) and the formulae described herem, supra, are 
intended to represent all individual isomers and mixtures thereof, xmless stated or shown otiierwise. 

Racemic mixtures can be resolved into the optical pure enatiomers by known methods, for example, 
by separation of diastereomeric salts thereof with an optically active acid and liberating the optically active 
amine compound by treatment with a base. Similarly, racemic mixtures can be resolved by separation of 
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diastereomeric salts thereof with an optically active base and libeiating the optically active acid con:q)oiind 
by treatment with an add. Another mefliod for resolving racemates into the optical pure enatiomers is based 
upon chromatography on an optically active matrix or chiral support Certain racemic compounds of the 
present invention can thus be resolved into their optical antipodes, e.g., by j&actional crystallization of d- or 

5 1- (tartrates, mandelates or camphorsulphonate) salts for example. The compounds of the present invention 
may also be resolved by the formation of diastereomeric amides or esters by reaction of the compounds of 
the present invention with an optically active amine or alcohol such as that derived from (+) or (~) a- 
methylbenzylamine or the like, separated via fractional recrystallizatioii, chiral chromatography or similar 
method and subsequently hydrolyzed. 

1 0 Additional methods for the resolution of optical isomers known to &ose skilled in the art can be 

iised and will be q)parent to the average worker skilled in the art Such methods include those discussed by 
J. Jaques, A. Collet and S. Wilen in "Enantwmers, Racemates and Resolutions", John Wiley and Sons, New 
Yo±(1981). 

It is understood that the chemistry described herein is r^resentative and is not intended to be 
15 limiting in any manner. 

Representative compounds of the invention are shown below in TABLE A. 
The compounds disclosed in TABLE A, TABLE B and certain intermediates within the 
Examples, infra, were named according to AutoNom Version 2.2 foimd in Chem Draw Ultra Version 
7.0 or AutoNom 2000 found in Isis Draw. 
20 TABLEA 



Cmpd# 


Structure 


Chemical Name 


1 


^^^^^^^ 


5-Cyclohex- 1 -enyl-5-methyl-4- 
oxo-4,5-dihydro-fijran-2- 
caiboxylic acid 


2 


0 


5 -Methyl-4-oxo-5-thiophen-3-yl- 
4,5-dihydro-ftuM-2-carboxylic 
acid methyl ester 


3 


0 


5-Methyl-4-oxo-5-thiophen-2-yl- 
4,5-dihydro-fruan-2-carboxylic 
acid methyl ester 
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Structure 


Chemical Name 


4 


Br 

0 


5-(4-Bromo-tiiiophen-2-yl>-5- 
methyl-4-oxo-4,5-dihydro-foran- 
2-caiboxylic acid me±yl ester 


5 


Br 

O 1 

0 


5-(4-Bromo-thiophen-2-yl)-5- 
methyl-4-oxo-4,5-dihydro-furan- 
2-caiboxyiic acid 


6 


0 


5-Metiiyl-5-(5-methyHhiophen-2- 
yl)'4-oxo-4-,5-dihydro-furan-2- 
caiboxylic acid methyl ester 


7 


0 


5-Metfayl-5-(5-methyHhiophen-2- 
yI)-4-oxb-4,5-dihydro-furaii-2- 
carboxylic acid 


8 


o 


5-(5-Chloro-thiophen-2-yl)-5- 
methyl-4-oxo-4*,5-dihydro-foraii- 
2-carboxylic acid methyl ester 


9 


0 


5-Cyclopent-l-enyl--5-methyl-4- 
oxo-4,5-dihydro-furan-2- 
caiboxylic acid 


10 


o 


5-Biphenyl-3-yl-5-methyl-4-oxo- 
4,5-dihydro-furan-2-carboxylic 
acid methyl ester 


11 


0 


5-Methyl-4-oxo-5-(3-thiophen-2- 
yl-phenyI)-4,5-dihydro-fiiran-2- 
carboxylic acid methyl ester 



wo 2005/051937 



PCT/US2004/038920 



28 



Cmpd* 


Structure 


Chemical Name 


12 


Br 


XJ 

0 


5 -(3-Broniophenyl)-5-methyl-4- 
oxo-4,5-dihydro-furan-2- 
caiboxylic acid methyl ester 


13 


Br 


d 1 

/vj 

' 0 


5-(3-Bromo-phenyl)-5-methyl-4- 
oxo-4,5-dihydro-fiiran-2- 
caiboxylic acid 


14 




1 1 

^^'^/C OH 
0 


5-(3-Iodo-phenyl)-5-methyl-4- 
oxo-4,5-dihydro-furan-2- 
caiboxylic acid 


15 


CI 


n 1 

^^^^ iT 

0 


5-(3-Chlor<>-phenyl)-5-niethyl-4- 
oxo-4,5-dihydro-fiiran-2- 
carboxylic acid 


16 




0 


5-(3-Fluorophenyl)-5-methyl-4- 
0X0-4,5 -dihydro-fiiran-2- 
carboxylic acid 


. 17 




F 

.0 


5-(3,5-Difluoro-phenyi)-5-methyl- 
4-oxo-4,5-dihydro-furan-2- 
caiboxylic acid 


18 




^ 1 

Aj 
0 


5-Methyl-4-oxo-5-m-t61yl-4,5- 
dihydro-furan-2-caiboxylic acid 


19 




A 1 

0 


5-(3-Etiiyl-phenyl)-5-methyl-4- 
oxo-4,5-dihydn)-furan-2- 
caiboxylic acid 
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5-(5-Chloro-tliiophen-3-yl)-5- 

inethyM-K)xo-4,5-dihydro-furan- 
2-carboxylic acid methyl ester 



5-(5-Chloro-thiophen-3-yl)-5- 

methyI-4-oxo-4,5Kiiliydro.furan- 
2-carboxylic acid 



27 



5-(4-Bromo-5-inel3iyl.tfaiophen-2. 
yI)-5.methyl4^xo-4,5Hlihydro- 
furan-2-carboxylic acid 
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Cmpd# 


Structure 


Chemical Name 


28 


■ 


5-Me1hyl-4-oxo-5-thiophen-3-yl- 
4,5-dihydro-furan-2-carboxylic 
acid 


Representative compounds of the invention are shown below in TABLB B. 




TABLE B 








nipmifjil Wjim** 


29 


* F 

0 


5-(4-Fluoro-phenyl)-5-metiiyM- 
oxo-4,5-dihydjx>-fiiran-2- 
carboxylic acid 


30 


/=N 
0 


5-Methyl-4-oxo-5-pyridm-3-yl- 
4^-dihydro-furan-2-carboxylic 
acid 


31 - 


o ° 

0 


5-Ethyl-4-oxo-5-phenyM,5- 
dihydro-furan-2-dBd>oxylic acid 


32 


aJ ^" 

0 


5-(2-Fluoro-phenyl)-5-methyl-4- 
oxo-4,5-dihydro-furan-i2- 
carboxylic acid 


33 


0 


2-Methyl-3-oxo-2,3-^ihydro- 
P^Zlbifuranyl-S-carboxyUc acid 


34 


o ^ 

0 


5-(3 ,4-DifIuoro-pIienyl)-5-methyl- 
4-oxo-4,5-dihydro-furan-2- 
caiboxylic acid 
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Cmpd# 


Chemical Structure 


Chemical Name 


35 


F 

0 


5-(2,4-Difluoro-phenyl)-5-methyl- 
4-oxo-4,5-dihydro-furan-2- 
caiboxylic acid 


36 


0 


5-(2,6-Difluoro-plienyl)-5-methyl- 
4-6xo-4,5-dihydro-furaii-2- 


37 


0 


' 5-(2,5-DichIoro-phenyl)-5- 
methyl-4-oxo-4,5-dihydro-furan- 
2-caiboxylic acid 


38 


0 


5-(3-Methoxy-phenyl)-5-methyl- 
4-oxo-4,5-dihydro-furan-2- 
caiboxylic acid 


39 


(i -° 

0 


5-Methyl-4-oxo-5-m-tolyl-4,5- 
diliydro-furaii-2-carbo;Q'lic acid 
- methyl ester 


40 


o ° 

0 


5-(3-Ethyl-phenyl)-5-methyl-4- 
oxo-4,5-dihydro-furan-2- 
caiboxylic acid melhyl ester 


41 


0 


5-Cyclohex-l-enyl-5-methyl-4- 
oxo-4,5-dihydro-furan-2- 
carboxylic acid methyl ester 


42 


a 

0 


5-(3,5-Dichloro-phenyl)-5- 
methyl-4-oxo-4,5-dihydro-fiiran- 
2-carboxylic acid methyl ester 
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Chemical Name 




a 




43 


0 


5-(3 ,5-Dichloro-phenyl)-5- 
metfayl-4K)xc)-4,5Kiihydro~furan- 
2-<^6xylic acid 


44 


,1 

0 


5-(3-Iodo-phenyl}-5-methyl-4- 

oxo-4,5-dihydro-furan-2- 
carboxvlic acid melhvl ester- 


45 


0 


5-Cyclopentyl-5-methyl-4-oxo- 
4,5-dihydro-furan-2-caiboxylic 
acid methyl ester 


46 




5-Cyclopeatyl-5-methyl-4-oxo- 
4,5-dihydro-ftiian-2-caiboxylic 
acid 




/ 




.47 


0 ? 

0 


5-(3-Cyano-phenyl)-5-methyl-4- 
oxo-4,5-dihydro-fiiran-2- 
carboxylic acid methyl ester 




/ 




48. 


0 u 

* 0 


5-(3-Cyano-phenyl)-5-methyl-4- 
oxo-4,5^iihydlro-fuxan-2- 
caiboxylic acid 








49 


0 


5-Methyl-4-oxo-5-[((E)-3- 
propenyl)-phenyl]-4,5-dihydro- 
fiiian-2-caiboxylic acid 
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Cmp< 
50 


Chemical Structure 

Br 

1 ^ 


.J , (JhexQical Name 

5^4-Bromo-5-methyl-thiopheii-2- 
yl>5-methyl^xo-4,5-dihydro- 
furan-2-caiboxylic acid methyl 
j ester 


51 


1 .0 


5-BiphenyJ-3-yJ-5.methyI-4-oxo- 
4^Kiihydn>-furan-2-caiboxyIic 
1 acid 


52 


1 0 


5-[((E)-3-Hex-l-enyl>phenyl]-5- 
inethyl-4-oxo^,5Kiihydro^furan- 
1 2-caiboxylic acid 


53 


V' 1 

0 1 


5-Metfayl-5-(4-me%l.iliioplien-2- 
yl)-4-oxo^,5-dihydro.furan-2- 
carboxylic acid metfiyl ester 


54 


Q ° 

0 I 


5-MethyI-4-oxo-5-.(3-vinyJ- 
phenyl)-4,5-dihydro-furan-2- 
caiboxylic acid 


55 


0 


-Melhyl-5-(4-methyI-thiophen.2- 
yl)-4-oxo^,5-dihydro.furan-2- 

CSTnftYvHr* ar*iA 
lyuAjriiu add 


56 


0 


Methyl-5-(5-me%l-thiophen-3^ 
/l)-4K)xo-4,5-dihydro-furan-2- 
carboxylic acid 
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CmpM 


Chemical Structure 


Chemical Name 


57 




4-Oxo-5-phenyl-5- 
trifluoromethyl-4,5-dihydro- 
furaii"2-carboxylic acid 



Methods and Uses 

Compounds of the present invention can modulate the activity of the RUP25 receptor. The term 
"modulate" is meant to refer to the ability to increase or decrease activity of the receptor. In some 
5 embodiments, compoimds of the invention can be used m methods of modulating a RUP25 receptor by 
contacting the receptor with any one or more of tiie compound as described herein. In still other 
embodiments, compounds of the invention can be used in methods of modulating a RUP25 receptor for the 
treatment of a metabolic-related disorder in an individual in need of such modulation conq)rising contacting 
the receptor with a therapeutically-efiective amount of a compound of Formula (I). In some embodiments, 
10 conq}ounds of the invention increase activity of the RUP25 receptor. In ftirther embodiments, conq)ounds 
of the invention are agonists of the RIJP25 receptor. The term "agonist**, as* used herein, refers to agents 
that can stimulate activity of the receptor (i.e., activate), like the RUP25 receptor. Jn some embodiments, 
conq)ounds of the invention are partial agonists of the RUP25 receptor. 

Another aspect of the present invention pertains to methods of treatment of a metabolic-related 
15 disorder comprising administering to an individual in need of such treatment a therapeutically-effective 
amount of a compound of Formula (I). 

Another aspect of the present invention pertains to methods of raismg HDL in an individual 
comprising administering to the individual a therapeutically-effective amount of a compound of Formula 
(I). 

20 Another aspect of the present invention pertains to conqraimds of Formiila (I), as described herein, 

for use in a me&od of treatment of the human or animal body by therapy. 

Another aspect of the present invention pertains to compounds of Formula (t), as described herein, 
for use in a method of treatment of a metabolic-related disorder of the human or animal body by therapy. 

Another aspect of the present invention pertains to compounds of Formula (I), as described herein, 
25 for use in a method of treatment of a metabolic-related disorder of tiie human or animal body by Iher^y 
wherein the metabolic-related disorder is selected from tiie group consisting of dyslipidemia, 
atherosclerosis, coronary heart disease, insulin resistance, obesity, impaired glucose tolerance, atheromatous 
disease, hypertension, stroke. Syndrome X, heart disease and type 2 diabetes. 

Another aspect of the present invention pertains to compoimds of Formula (I)> as described herein, 
30 for use in a method of treatm^t of a metabolic-related disorda: of the human or animal body by therapy 
wherem the metabolic-related disorder is selected from the groi^) consisting of dyslipidemia, 
atherosclerosis, coronary heart disease, insulin resistance and type 2 diabetes. 
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Anolber aspect of the present mveation pertains to con^tmds of Fonnula (I), as described herein, 
for use in a method of treatment of atherosclerosis of the human or animal body by therapy. 

Another aspect of the present invention pertains to compounds of Fonnula (I), as described herein, 
for use in a method of raising HDL of tbe human or animal body by therapy. 

Another aspect of the present invention pertains to uses of the compounds of Formula (I), as 
described herein, for the manufacture of a medicament for use in the treatment of a metabolic-related 
disorder. 

Another aspect of the present inv«ition pertains to uses of the compounds of Fonnula (T), as 
described herein, for the manu&cture of a medicament for use in the treatment of a metabolic-related 
• disorder selected fiom the groiq) consisting of dyslq)idemia, atherosclerosis, coronaiy heart disease, insulin 
resistance, obesity, impaired glucose tolerance, atheromatous disease, hypertension, stroke, Syndrome X, 
heart disease and type 2 diabetes. 

Another aspect of the present invention pertains to uses of the compounds of Fonnula (T), as 
described herein, for tiie manufacture of a medicament for use in the treatment of atherosclerosis. 

Another aspect of the present invention pertains to uses of the compounds of Fonnula (I), as 
described herein, for the manufacture of a medicament for use ia raising HDL in an individual. 

Some embodiments of the present invention relate to methods of treatment of metabolic-related 
disorders. In some embodiments the metabolic-related disorder is of the group consisting of dyshpidemia, 
atherosclerosis, coronary heart disease, insulin resistance, obesity, impaired glucose tolerance, atheromatous 
disease, hypertension, stroke. Syndrome X, heart disease and type 2 diabetes. In some embodiments the 
metabolic-related disorder is dysljtpidemia, atherosclerosis, coronaiy heart disease, insulin resistance and 
type 2 diabetes. In some embodiments the metabolic-related disorder is dyslipidemia. Lisome 
embodiments the metabolic-related disorder is atherosclerosis. In some embodiments the metabolic-related 
disorder is coronary heart disease. In some embodiments the metabolic-related disoida: is insulin 
resistance. In some embodiments the metabolic-related disorder is type 2 diabetes. 

In some embodiments related to methods of the present invention, the individual is a mammal. 
In futfaer embodiments, the mammal is a human. 

. Another aspect of the present invention pertains to methods of producing a pharmaceutical 
conq)osition comprising admixing or coihbimng a conqwund of Formula (J), as described herein and a 
pharmacoitically acceptable carrier. 

Compositions of the Present Invention 

Some embodiments of the present invention include pharmaceutical compositions comprising a 
compound according to Formula (I) in combination with apharmaceutically acceptable carrier. 

Some embodiments of the present invention include a method of producing a pharmaceutical 
composition comprising admixing at least one compound according to any of the compound embodiments 
disclosed herein and a pharmaceutically acceptable carrier. 
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. Formulations can be prq)ared by any suitable method, typically by uniformly mixing the active 
compound(s) with liquids or finely divided solid carriers or both, in die required proportions and &en, if 
necessary, forming .the resulting mixture into a desired shape. 

Conventional excipients, such as binding agents, fillers, acceptable wetting agents, tabletting 
5 lubricants and disintegrants can be used in tablets and capsules for oral administration. Liquid preparations 
for oral administration can be in the form of solutions, emulsions, aqueous or oily suspensions and syrups. 
Altematively, the oral preparations can be in the form of dry powder that can be reconstituted with water or 
. another suitable liquid vehicle before use. Additional additives such as suspending or emulisifying agents, 
non-aqueous vehicles (including edible oils), pres^atives and flavorings and colorants can be added to the 
10 liquid prepamtions. Parent^ dosage forms can be prq)ared by dissolving the compound of the invention 
in a suitable liquid vehicle and filter sterilizing the solution before filling and sealiug an appropriate vial or 
ampoule. These are just a few examples of the many appropriate methods well known in the art for 
preparing dosage forms. 

A compound of the present invention can be formulated into pharmaceutical coh^sitions using 
1 5 techniques well known to those in the art Suitable pharmaceutically-'acceptable carriers, outside those 

mentioned herein, are known in the art; for example, see Remington, The Science and Practice of Pharmacy, 
20* Edition, 2000, Lippincott Williams & Wilkins, (Editors: Gennaro, A. R., et al). 

While it is possible that a compound for use in the treatment of the present invention may, in an 
altemative use, be administered as a raw or pure chemical, it is preferable however to present the compound 
20 or "active ingredient" as a pharmaceutical formulation or composition further comprising a 

pharmaceutically acceptable carrier. Therefore, one aspect of the present inv^tion encompasses 
pharmaceutical compositions con:q)rising a pharmaceutically acceptable carrier in combination with at least 
one compound according to Formula (T). 

The invention provides pharmaceutical formulations comprising a compound of the invention or a 
25 pharmaceutically acceptable salt, hydrate or solvate thereof together with orie or more pharmaceutically 
acceptable carriers therefor. The carrier(s) must be "acceptable" in the sense of being compatible with the 
other ingredients of the formulation and not overly deleterious to the recipient thereof 

Pharmaceutical formulations include those suitable for oral, rectal, nasal, topical (including buccal 
and sub-lingual), vaginal or parenteral (including intramuscular, sub-cutaneous and intravenous) 
30- administration of in a form suitable for administration by inhalation, insufflation or by a transdermal patch. 
Transdermal patches dispense a dmg at a controlled rate by presenting the drug for absorption in an efficient 
manner with a minimum of degradation of &e dmg. Typically, trarisdermal patches con:q)rise an 
impermeable backing layer, a single pressure sensitive adhesive and a removable protective layer witii a 
release Uner. One of ordinary skill in the art will understand and q)preciate the techniques appropriate for 
35 manu&cturing a desired efficacious transdermal patch based upon the needs of the artisan. 

The compounds of fte invention, together with a conventional adjuvant, carrier or diluent, may thus 
be placed into the form of pharmaceutical formulations and imit dosages thereof and in such form can be 
employed as solids, such as tablets or filled cs^sules or liquids such as solutions, suspensions, emulsions, 
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elixirs, gels or capsules filled with the same, all for oral use, in the form of siq)positories for rectal 
administration; or in the form' of sterile injectable solutions for parenteral (including subcutaneous) use. 
Such pharmaceutical compositions and unit dosage forms thereof may comprise conventional ingredients in 
conventional proportions, with or without additional active compounds or principles and such unit dosage 
forms may contain any suitable effective amount of the active ingredient commensurate with the intended . 
daily dosage range to be employed. 

For oral administration, the pharmaceutical composition can be in the form o( for example, a tablet, 
cs^sule, suspension or liquid. The pharmaceutical composition is preferably made in the form of a dosage 
unit containing a particular amount of die active ingredient Examples of such dosage imits are capsules, 
tablets, powders, granules or a suspension, with conventional additives such as lactose, maimitol, com starch 
or potato starch; with binders such as crystalline cellulose, ceUulose derivatives, acacia, com starch or 
gelatins; with disintegrators such as com starch, potato starch or sodium carboxymethyl-cellulose; and with 
lubricants such as talc or magnesium stearate. The active ingredient may also be administered by injection 
as a composition wherein, for example, saline, dextrose or wat^ can be used as a suitable phannaceutically 
acc^table earner. 

Compounds of the present invention or a solvate or physiologically functional derivative thereof 
can be used as active ingredients in pharmaceutical compositions, specifically as RUP25 receptor agonists. 
By the term "active ingredient is defined in the context of a "pharmaceutical composition" and shall mean 
a component of a pharmaceutical composition that provides the primary pharmacological effect, as opposed 
to an "inactive ingredienf * which would generally be recognized as providing no pharmaceutical benefit. 

The dose vdien using the compounds of the present invention can vary within wide limits and as is 
customary and is known to the physician, it is to be tailored to the individual conditions in each individual 
case. It depends, for example, on the nature and severity of the illness to be treated, on flie condition of the 
patient, on the compound employed or on whether an acute or chronic disease state is treated is conducted 
or on whether further active compounds are administered in addition to the compounds of the present 
invention. Representative doses of the present invention mclude, but not limited to, about 0.001 mg to about 
5000 mg, about 0.001 tb about 2500 mg, about 0.001 to about 1000 mg, 0.001 to about 500 mg, 0.001 mg to 
about 250 mg, about 0.001 mg to 100 mg, about 0.001 mg to about 50 mg and about 0.001 mg to about 25 
mg. Multiple doses can be administered during the day, especially when relatively large amoimts are 
deemed to be needed, for example 2, 3 or 4, doses. Depending on the individual and as deemed appropriate 
from the patient's physician or care-giver it may be necessary to deviate upward or downward from the 
doses described herein. 

The amount of active ingredient or an active salt or derivative thereof, required for use in treatm^t 
will vary not only with the particular salt selected but also with the route of administration, the nature of the 
condition being treated and the age and condition of the patient and will ultimately be at the discretion of the 
attendant physician or clinician. In general, one skilled in the art understands how to extrapolate in vivo data 
obtamed in a model system to another, for example, an animal model to a human. Typically, animal models 
include, but are not limited to, the rodents diabetes models as described in Example 1, injra; the mouse 
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artherosclerosis model as described in Exaiiq)le 2, infra; or the in vivo animal arthosclerosis model as 
described in Bxan^le 5, infra. In some circumstances, &ese extrapolations may merely be based on the 
weight of the animal model in conq)arison to another, such as a mammal, preferably a human, however, 
more often, these extrapolations are not singly based on weight differences, but rather incorporate a variety 

5 of factors. Representative factors include the type, age, weight, sex, diet and medical condition of the 

patient, the severity of the disease, the route of administration, pharmacological considerations such as the 
activity, efficacy, pharmacokinetic and toxicology profiles of the particular compoimd employed, whether a 
drug delivery system is utilized, on whether an acute or chronic disease state is being treated is conducted or 
on whether fiir^er active con[q)ounds are administered in addition to flie conqjounds of &e Formula (T) and 

10 as part of a drug combirmtion. The dosage regimen for treating a disease condition with the compounds 
and/or compositions of this invention is selected in accordance with a variety fiictors, such as, those cited 
above. Thus, the actual dosage regimen enq)loyed may vary widely and therefore inay deviate fiom a 
preferred dosage regime and one skilled in the art will recognize that dosage and dosage regimen outside 
these typical ranges can be tested and, where ^propriate, can be used in the methods of this invention. 

15 The desired dose may conveniently be presented in a single dose or as divided doses administered 

at appropriate intervals, for example, as two, three, four or more sub-doses per day. The sub-dose itself can 
be further divided, e.g., into a number of discrete loosely spaced administrations. The daily dose can be 
divided, especially when relatively large amounts are administered as deemed appropriate, into several, for 
example 2, 3 or 4, part administrations. If appropriate, depending on individual behavior, it can be 

20 necessary to deviate iq>ward or downward from the daily dose indicated 

The compounds of the preset invention can be administrated in a wide variety of oral and 
parent^ dosage forms. It will be obvious to those skilled in the art that the following dosage forms may 
comprise, as the active corc^jonent, either a conq)ound of the invention or a pharmaceutically acceptable salt 
of a compound of the invention. 

25 For preparing pharmaceutical compositions from the compounds of the present invention, 

pharmaceutically accq)table carriers can be either solid or liquid Solid form preparations include powders, 
tablets, pills, capsules, cachets, suppositories and dispersible granules. A solid carrier can be one or more 
substances which may also act as diluents, flavouring agents, solubilizers, lubricants, suspending agents, 
binders, preservatives, tablet disintegrating agents or an encapsulating material. 

30 In powders, the carrier is a finely divided solid which is in a mixture with the finely divided active 

component 

In tablets, the active component is mixed with the carrier having the necessary binding capacity in 
suitable proportions and compacted to the desire shs^e and size. 

The powders and tablets may contain varying percentage amounts of the active compound A 
35 representative amoimt in a powder or tablet may contain from 0.5 to about 90 percent of the active 

compound; however, an artisan would know when amounts outside of this range are necessary. Suitable 
carriers for powders and tablets are magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, 
dextrin, starch, gelatin, tragacanth, methylcellulose, sodiimi carboxymethylcellulose, a low melting wax. 
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cocoa butter, and the like. The term "prq)aration" is intended to include the fonnulation of the active 
conqx)und with encapsulating material as earner providing a capsule in which the active component, with or 
without carriers, is surrounded by a carrier, which is thus in association with it Similarly, cachets and 
lozenges are included. Tablets, powders, c^sules, pills, cachets and lozenges can be used as solid forms 
5 suitable for oral administration. 

For preparing suppositories, a low melting wax, such as an admixture of fatty acid glycerides or 
cocoa butter, is first melted and the active component is dispersed homogeneously therein, as by stirring. 
The molten homogenous mixture is then poured into convenient sized molds, allowed to cool and thereby to 
solidify. 

1 0 Formulations suitable for vaginal admioistration can be presented as pessaries, tampons, creams, 

gels, pastes, foams or sprays containing in addition to the active ingredient such carriers as are known in the 
arttobeg^propriate. 

Liquid form preparations include solutions, suspensions and emulsions, for example, water or 
water-propylene glycol solutions. For example, parenteral injection Hquid preparations can be formulated 

15 as solutions in aqueous polyethylene glycol solution. Injectable preparations, for example, sterile injectable 
• aqueous or oleaginous suspensions can be fonnulated according to the known art using suitable dispersing 
or wetting agents and suspending agents. The sterile injectable preparation may also be a sterile injectable 
solution or suspension in a nontoxic parenterally acceptable diluent or solvent, for exanq)le. as a solution in 
1,3-butanedioL Among the acceptable vehicles and solvents that can be enq>loyed are water, Ringer's 

20 solution and isotonic sodmm chloride solution. In addition, sterile, fixed oils are conventionaUy employed 
as a solvrait or suspending medmm. For this purpose any bland ffaced oil can be employed including 
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in tiie preparation of 
injectables. 

The compounds according to the present invention may thus be formulated for parenteral 
25 administration (e.g. by injection, for example bolus injection or continuous infusion) and can be presented in 
unit dose form in ampoules, pre-fiiled syringes, smaU volume infusion or in multi-dose containers with an 
added preservative. The compositions may take such forms as suspensions, solutions or emulsions in oily 
or aqueous vehicles and may contain formulatory agents such as suspending, stabilizing and/or dispersing 
agents. Alternatively, the active ingredient can be in powder form, obtained by aseptic isolation of sterile 
30 soUd or by lyophilization ftom solution, for constitution with a suitable vehicle, e.g. sterile, pyrogen-fi:ee 
water, before use. 

Aqueous solutions suitable for oral use can be prepared by dissolving the active component in water 
and adding suitable colorants, flavours, stabilizing and thickening agents, as desired 

Aqueous suspensions suitable for oral use can be made by dispersing the finely divided active 
35 component in water with viscous material, such as natural or synthetic gums, resins, methylcellulose, 
sodium carboxymethylcellulose or other well known suspending agents. 

Also included are solid form preparations which are intended to be converted, shortly before use, to 
hquid form preparations for oral administration. Such liquid forms include solutions, suspensions and 
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emulsions. These preparations may contain, in addition to the active component, colorants, flavors, 
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the 
like. . 

For topical administration to the epidermis the compounds according to the invention can be 
formulated as ointments, creams or lotions or as a transdermal patcL 

Ointments and creams may, for example, be formulated with an aqueous or oily base with the 
addition of suitable thickening and/or gelling agents. Lotions can be formulated with an aqueous or oily 
base and will in general also contain one or more emulsifying agents, stabilizing agents, dispersing agents, 
suspending agents, thickening agents or coloring agents. 

Formulations' suitable for topical administration in the moulfa include lozenges con:q)rising active 
agent in a flavored base, usuaUy sucrose and acacia or tragacanth; pastilles conqjrising the active ingredient 
in an inert base such as gelatin and glycerin or sucrose and acacij^ and mouthwashes comprising the active 
ingredient in a suitable liquid carrier. 

Solutions or.suspensions are applied directiy to tiie nasal cavity by conventional means, for 
example with a dropper, pipette or spray. The formulations can be provided in single or multi-dose form 
In the latter case of a dropper or pipette, this can be achieved by the patient administering an appropriate, 
predetermined volume of the solution or suspension. In the case of a spray, this can be achieved for 
example by means of a metering atomizing spray pump. 

Administration to the respiratory tract may also be achieved by means of an aerosol foraiulation in 
which the active ingredient is provided in a pressurized pack with a suitable propellant If the compounds of 
the Formula (J) or pharmaceutical compositions comprising them are administered as aerosols, for example 
as nasal aerosols or by inhalation, this can be canned out, for example, using a spray, a nebulizer, a pump 
nebulizer, an inhalation ^paratus, a metered inhaler or a dry powder inhaler. Pharmaceutical forms for 
administration of the compounds of the Formula (I) as an aerosol can be prepared by processes well-known 
to ttie person skilled in the art For their preparation, for example, solutions or dispersions of the 
compounds of the Formula (I) in water, water/alcohol mixtures or suitable saline solutions can be employed 
using customary additives, for example benzyl alcohol or other suitable preservatives, absorption enhancers 
for iQcreasing tiie bioavailability, solubilizers, dispersants and others and, if appropriate, customary 
propellants, for example include carbon dioxide, CFC's, such as, dichlorodifluoromethane, 
.trichlorofluoromethane or dichlorotetrafiuoioethane, and the like. The aerosol may conveniently also 
contain a surfectant such as lecithin. The dose of dmg can be controlled by provision of a metered valve. 

In formulations intended for administration to the respiratory tract, including intranasal 
formulations, the compound will generally have a small particle size for.example of the order of 10 microns 
or less. Such a particle size can be obtained by means known in the art, for example by micronization. 
When desired, formulations adapted to give sustained release of the active ingredient can be employed. 

Alternatively the active ingredients can be provided in the form of a dry powder, for example, a 
powder mix of the compound in a suitable powder base such as lactose, starch, starch derivatives such as 
hydroxypropyhnethyl ceUulose and polyvinylpyrroUdone (EVP). Conveniently the powder carrier wiU form 
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a gel in the nasal cavity. The powder conqDOsition can be presented in unit dose fonn for example in 
capsules or cartridges of, e.g., gelatin or blister packs from which the powder can be administered by means 
of an inhaler. 

The pharmaceutical preparations are preferably in unit dosage forms. In such fonn, the preparation 
is subdivided into unit doses containing appropriate quantities of the active component The unit dosage 
form can be a packaged pr^aration, the package containing discrete quantities of preparation, such as ' 
packeted tablets, capsules and powders in vials or ampoules. Also, the unit dosage fotm can be a capsule, 
tablet, cachet or lozenge itself or it can be the appropriate number of any of these in packaged form. 

Tablets or capsules for oral administration and liquids for intravenous administration are prefmed 
coinpositions. 

Compounds of the present invention can be converted to "pro-drags." The term ••pro-drugs" refers 
to compounds that have been modified with specific chemical groups known in the art and when 
administered into an individual these groups undergo biotransformation to give the parent compound. Pro- 
drugs can thus be viewed as compounds of the invention containing one or more specialized non-toxic 
protective groups used in a transient manner to alter or to eliminate a property of the compound. In general, 
the "pro-drag" approach is utilized to facilitate oral absorption. A thorough discussion is provided in T. 
Higuchi and V. Stella, "Pro-drags as Novel Delivery Systems," Vol. 14 of the A.C.S. Symposium Series 
and in Bioreversible Carriers in Drag Design, ed. Edward B. Roche, American Pharmaceutical Association 
and Pergamon Press, 1 987, both of which are hereby incorporated by reference in their entirety. 

Combination Therapy: 

While the compounds of the presait invention can be admmistered as the sole active 
pharmaceutical agent (i.e., mono-therapy), they can also be used in combination wifli other pharmaceutical 
agents (i.e., combination-therapy) for the treatment of the diseases/conditions/disorders described herein. 
Therefore, another aspect of the present invention includes methods of treatment of metabolic related 
diseases comprising administering to an individual in need of such treatment a therapeutically-effective 
amount of a compound of the present invention in combination with one or more additional pharmaceutical 
agent as described herein. " 

Suitable pharmaceutical agents that can be used in combmation with the compounds of the present 
invention include anti-obesity agents such as ^olipoprotein-B secretion/microsomal triglyceride transfer 
protein (apo-B/MTP) inhibitors. MCR-4 agonists, cholescystokinin-A (CCK-A) agonists, serotonin and 
norq)inq)hrine reuptake inhibitors (for example, sibutramine), sympathomimetic ag«isls, P3 adrenergic 
receptor agonists, dopamine agonists (for example, bromocriptine), melanocyte-stimulating hormone 
receptor analogs, cannabinoid 1 receptor antagonists [for example, SR141716: 7/-(piperidin-l-yl>-5-(4- 
chlorophenyl)-l<2,4Kiichlorophenyl)4-methyI-l/7-pyrazole-3-carboxaniide^ melanin concentrating 
hormone antagonists, leptons (the OB protein), leptin analogues, leptm receptor agonists, galanin 
antagonists, lipase inhibitors (such as tetrahydrohpstatin, i.e. orlistat), anorectic agents (such as a bombesin 
agonist), Neuropeptide-Y antagonists, thyromunetic agents, dehydroepiandrosterone or an analogue thereof, 
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glucocortiooid zeceiptoi agonists or antagonists orexin receptor antagonists, urocortin binding protein 
antagonists, glucagon-like peptide-1 receptor agonists, ciliary neutrotrophic fectois (such as Axokine™ 
available ftom Regeneron Pharmaceuticals, Inc., Tarrytown, NY and Proct^ & Gamble Company, 
Cmcinnati, OH), human agoutt-related proteins (AGRP), ghrelin receptor antagonists, histamine 3 receptor 
5 anta^nists or reverse agonists, neuromedin U receptor agonists, noradrenergic anorectic.agents* (for 
example, phentennine, mazindol, and'the like) and appetite sxqjpressants (for example, bupropion). 

Other anti-obesity agents, including the agents set forth infra, are well known or will be readily 
apparent in light of the instant disclosure, to one of ordinary skill in the art 

In some embodiments, the anti-obesity agents are selected fiom the group consisting of orlistat, 
10 sibutramine, bromocrq)tine, q>hedrine, leptm and pseudoephedrine. In a further embodiment, compounds 
of the present mvention and combination therapies are administered in conjunction with ex^cise and/or a 
sensible diet 

It is understood that the scope of combination-therapy of the compounds of the present invention 
v^th other anti-obesity ag^ts, anorectic agoits,. appetite suppressant and related agents is not limited to 

1 5 those listed above, but includes in princq)le any combination with any pharmaceuti6al agent or 
pharmaceutical composition useful for the treatment of overweight and obese individuals. 

Other suitable pharmaceutical agents, in addition to anti-obesity agents, that can be used in 
combination with the compounds of the present invention include agents useful in the treatment of 
concomitant disorders. Treatment of such disorders include the use of one or more pharmaceutical agents 

20 known in the art that belong to the classes of drugs referred to, but not Ihnited to, the following: 

sulfonylureas, meglitinides, biguanides, a-glucosidase inhibitors, peroxisome proliferators-activated 
receptor-y (i.e., PPAR-y) agonists, insulin, insulin analogues, HMG-CoA reductase inhibitors, cholesterol- 
lowering drugs (for example, fibrates that include: fenofibrate, bezafibrate, gemfibrozil, clofibrate, and the 
like; bile acid sequestrants which include: cholestyramine, colestipol, and the like; and niacin), antiplatelet 

25 agents (for exaiiq)le, aspirin and adenosine diphosphate receptor antagonists that include: clopidogrel, 

ticlopidine, and the like), angiotensin-converting en^me inhibitors, angiotensin II receptor antagonists and 
adiponectin. Jn accordance to one aspect of the present invention, a compoimd of the present can be used in 
combination widi a pharmaceutical agotit or agents belonging to one or more of the classes of drugs cited 
herein. 

30 It is imderstood that tiie scope of combination-therapy of the confounds of the present invention 

with other pharmaceutical agents is not limited to those listed herein, supra or infra, but includes in 
principle any combination with any pharmaceutical agent or pharmaceutical composition useful for the 
treatment of diseases, conditions or disorders that are linked to metabolic-related disorders. 

Some embodiments of the present invention include mediods of treatment of a disease, disorder or 

35 condition as described herein comprising administering to an individual in need of such treatment a 

therapeutically effect amount or dose of a compound of the present invention in combination widi at least 
one pharmaceutical agent selected from the group consisting of: sulfonylureas, meglitinides, biguanides, a- 
glucosidase inhibitors, peroxisome proliferators-activated receptor-y (i.e., PPAR-y) agonists, insulin, insulin 
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analogues, HMG-CoA reductase inhibitors, cholesterol-lowering drugs (for example, fibrates that include: 

fenofibrate, bezafibrate, gemfibrozil, clofibrate, and the like; bile acid sequestrants which include: 

cholestyramine, colestipol, and the like; and niacin), antiplatelet agents (for example, aspirin and adenosine • 

diphosphate receptor antagonists that include: clopidogrel, ticlopidine, and die like), angiotensin-converting 

enzyme inhibitors, angiotensin II receptor antagonists and adiponectin. In some embodiments, the 

pharmaceutical con:q)osition further comprises one or more agents selected from the group consisting of a- 

ghicosidase inhibitor, aldose reductase inhibitor, biguanide, HMG-CoA reductase inhibitor, squalene 

I 

synthesis inhibitor, fibrate, LDL catabolism enhancer, angiotensin converting enzyme inhibitor, iosulin 
secretion enhancer and fhiazolidmedione. 

One aspect of the present invention encon:q)asses pharmaceutical compositions comprising at least 
one compoimd according to Formula (I), as described herein. In some embodimaits, flie pharmaceutical 
conq)osition further comprises one or more agents selected from the group consisting ot for exanqile, a- 
glucosidase inhibitor, aldose reductase inhibitor, biguanide, HMG-CoA reductase inhibitor, squalene 
synthesis inhibitor, fibrate, LDL catabolism ^ihancer, angiot^in converting enzyme inhibitor, insulin 
secretion enhancer and thiazolidinedione. 

Suitable pharmaceutical agents that can be used in conjunction with compounds of the present 
invention include a-glucosidase inhibitors. a-Glucosidase inhibitors belong to the class of drugs which 
competitively inhibit digestive enzymes such as a-amylase, maltase, a-dextrinase, suciase, ete. in the 
pancreas and or small intesting. The reversible inhibition by a-glucosidase inhibitors retard, diminish or 
otherwise reduce blood glucose levels by delaying the digestion of starch and sugars. Some representative 
examples of a-glucosidase inhibitors include acarbose, N-(l,3-dihydroxy-2-propyl)vaholamine (generic 
name; voglibose), miglitol and a-glucosidase inhibitors known in the art. 

Suitable pharmaceutical agents that can be used in conjunction with compoimds of flie present 
invention include sulfonylureas. The sulfonylureas (SU) are drugs whidi promote secretion of insulin from 
pancreatic p cells by transmitting signals of insulin secretion via SU receptors in the cell membranes. 
Examples of tiie sulfonylureas include glyburide , glipizide, glimepiride and other sulfonylureas known m 
the art 

Suitable pharmaceutical agents that can be used in conjxmction with compoimds of the present 
invention include die meglitinides. The meglitinides are benzoic acid derivatives represent a novel class of 
insulin secretagogues. These agents target postprandial hyperglycemia and show comparable efBcacy to 
sulfonylureas m reducing HbAic. Examples of megUtinides include repaglinide, nateglinide and other 
meglitinides known in the art 

Suitable pharmaceutical agents that can be used in conjunction witii compounds of the present 
invention include the biguanides. The biguanides represent a class of drugs that stimulate anaerobic 
glycolysis, mcrease the sensitivity to insulin in the peripheral tissues, inhibit glucose absorption &om the 
intestine, suppress of hepatic gluconeogenesis and inhibit fatty acid oxidation. Examples of biguanides 
include phenformin, metfonnin, buformin and biguanides known in the art 
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Suitable phannaceutical agents that can be used in conjunction wiHi conq)ounds of the preset 
invention include the a-glucosidase inhibitors. The a-glucosidase inhibitors conspetitively inhibit digestive 
enzymes such as a-amylase, maltase, a*4extrinase, sucrase, etc. in the pancreas and or small intestine. The 
reversible inhibition by a-glucosidase inhibitors retard, diminish or o&erwise reduce blood glucose levels 
5 by delaying the digestion of starch and sugars. Examples of a-glucosidase inhibitors include acaibose, N- 
(l,3-dihydxoxy-2-propyl)vaIiolamine (generic name; voglibose), miglitol and a-glucosidase inhibitors 
known in the art 

Suitable phannaceutical agents that can* be used in conjunction with compounds of the present 
invention include the peroxisome proliferators-activated receptor-y (i.e., PPAR-y) agonists. The peroxisome 

10 proliferators-activated receptor-y agonists represent a class of compounds that activates the nuclear receptor 
PPAR-y and therefore regulate tiie transcription of insulin-responsive genes inyolved in the control of 
glucose production, transport and utilization. Agents in the class also facilitate the regulation of fatty acid 
metabolism. Examples of PPAR-y agonists include rosiglitazone, pioglitazone, tesaghtazar, netoglitazone, 
GW-409544, GW-501516 and PPAR-y agonists known in Ihe art. 

15 Suitable phannaceutical agents that can be used in conjunction with compounds of the present 

invention include the HMG-CoA reductase inhibitors. The HMG-CoA reductase inhibitors are agents also 
referred to as Statin compounds that belong to a class of drugs that lower blood cholesterol levels by 
inhibiting hydroxymefiiylglutalyl CoA (HMG-CoA) reductase. HMG-CoA reductase is the rate-limiting 
enzyme in cholesterol biosynthesis. The statins lower serum LDL concentrations by upregulating the 

20 activity of LDL recq)tors and are responsible for clearing LDL from the blood. Some representative 

exanq)les the statin compomds include rosuvastatin, pravastatin and its sodiiun salt, simvastatin, lovastatin, 
atorvastatin, fluvastatin, cerivastatin, rosuvastatin, pitavastatin, BMS's "superstatin" and HMG-CoA 
reductase inhibitors known in the art 

Suitable pharmaceutical agents that can be xised in conjunction with compounds of the present 

25 invention include the angiotensin converting enzyme (ACE) inhibitors. The angiotensin converting enzyme 
inhibitors belong to the class of dmgs that partially lower blood glucose levels as well as lowering blood 
pressure by inhibiting angiotensin converting ^zymes. Examples of the angiotensin converting enzyme 
inhibitors include captopril, enalapril, alacepril, delapril; ramipril, lisinopril, imidapril, benazepril, 
ceronapnl, cilazapril, enalaprilat, fosinopril, moveltopril, perindopril, quinapril, spirapril, temocapril, • 

30 trandolapril and angiotensin converting enzyme inhibitors known in the art 

Suitable pharmaceutical agents that can be used in conjunction with con:q)Ounds of the present 
invention include the angiotensin II receptor antagonists. Angiotensin II receptor antagonists target the 
angiotensin n receptor subtype 1 (i.e., ATI) and demonstrate a beneficial effect on hypertension. Examples 
of angiotensin H receptor antagonists include losartan (and the potassium salt form) and angiotensin EE 

35 receptor antagonists known in the art 

Other treatments for one or more of the diseases citedherein include the use of one or more 
pharmaceutical agents known in the art that belong to the classes of dmgs referred to, but not limited to, the 
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foUowing: amylin agonists (for example, pramlintide), insulin secietagogues (for example, GLP-1 agonists; 
exendin-4; insulinoiropin (NN221 1); dflpcptyl.peptidase inhibitors (for exanq)le, NVP-DPP-728), acyl CoA 
cholesterol acetyllransferase inhibitors (for example, Ezetimibe, eflucimibe and lite compounds), 
cholesterol absorption inhibitors (for example, ezetimibe, pamaqueside and like compounds), cholesterol 
ester transfer protein inhibitors (for exanq)le, CP-529414, JTT-705, CETi-I and like compounds), 
microsomal triglyceride transfer protein inhibitors (for example, impHtapide and like compounds), 
cholesterol modulators (for example, NO-1886 and like compounds), bile acid modulators (for example, 
GT103-279 and like compounds) and squalene synthase inhibitors. 

Squalene synthesis inhibitors belong to a class of drugs that Jower blood cholesterol levels by inhibiting 
synthesis of squalene. Examples of the squalene synthesis inhibitors include (S)-a-[Bis[2,2-dimethyl-l. 
oxopropoxy)methoxy] phosphinyl]-3-phenoxybenzenebutanesulfonic acid, mono potassium salt (BMS- 
188494) and squalene synthesis inhibitors known in the art 

In accordance with the present inyention, the combination of a compound of the present invention 
and pharmaceutical agent can be prepared by mbdng the respective active components either all together or 
independently with a pharmaceuticaUy acceptable carrier, excipient, binder, dHuent, etc. as described herein, 
and administering the mixture or mixtures either oraUy or non-orally as a pharmaceutical composition. 
When a compound or a mixture of compounds of Formula (I) are administered as a combination therapy 
with another active compound the therapeutic agents can be formulated as a separate pharmaceutical 
conq)ositions given at the same time or at different times or the therapeutic agents can be given as a single 
con^ositioiL 

Labeled Compounds and Assay Methods 

Another object of the present invention relates to radio-labeled compounds of Formula (I) that are 
useful not only in radio-imaging but also in assays, both in vitro and in vivo, for localizing and quantitatmg 
RUP25 in tissue samples, including human and for identifying RUP25 Hgands by inhibition binding of a 
radio-labeled compound. It is a further object of this invention to include novel RUP25 assays of which 
comprise such radio-labeled compounds. 

The present invention embraces isotopically-labeled compounds of Formula (I) and any subgenera 
herein, such as but not limited to. Formulae (la) to (Ik). An "isotopicaUy" or "radio-labeled" compounds 
are those which are identical to compounds disclosed herein, but for the fact that one or more atoms are 
replaced or substituted by an atom having an atomic mass or mass number different from the atomic mass or 
mass number typicaUy found in nature (i.e., naturaUy occurring). Suitable radionucHdes that can be 
incorporated in compounds of the present invention include but are not limited to (also written as D for 
deuterium), (also written as T for tritium), "C, "C, *^C, ^% ^% ^^O, *'0, "O, **F, ^^S, ^^Cl, ®Br, '^r 
^^r, "Br, '^I, ^^"^I, ^^I and *^'l. The radionuclide that is incorporated in tiie instant radio-labeled 
compounds will depend on tiie specific appHcation of that radio-labeled compound. For example, for m 
vitro RUP25 labehng and competition assays, compounds that incorporate ^H, '"^C, ^^Br, *"l , *^*I, "S or 
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. will generally be most useful For radio-imaging ^plications ' *C, *^F. ^"l, "^I, ^^r, ^*Br or ^r 
will generally be most useful. 

It is understood that a "radio-labeled " or "labeled compound" is a compound of Formula (I) tiiat 
has incoiporated at least one radionuclide; in some embodiments the radionuclide is selected from die group 
■5 consistingof^,^'C/'^I,^^Sand^Br. 

Certain isotopically-labeled compoimds of the present invention are useful in compound and/or 
substrate tissue distribution assays. In some embodiments the radionuclide ^ and/or ^"^C isotopes are useful 
in tiiese studies. Further, substitution with heavier isotopes such as deuterium (i.e., ^H) may afford certain 
thcK^eutic advantages resulting from greater metabolic stability (e.g., increased in vivo half-life or reduced 
1 6 dosage requirements) and hence can be prefeEied in some circumstances. Isotopically labeled con^omds 
of the present invention can generally be prepared by following procedures analogous to those disclosed in 
the Schemes supra and Exanq)les infra^ by substituting an isotopically labeled reagent for a non-isotopically 
labeled reag^t Other synthetic methods that are useful are discussed infra. Moreover, it should be 
understood that all of the atoms represented in flie compounds of the invention can be either the most 
1 5 commonly occurring isotope of such atoms or the more scarce radio-isotope or nonradio-active isotope. 

Synthetic methods for incorporating radio-isotopes into organic compounds are applicable to 
compoimds of the invention and are well known in the art These synthetic methods, for example, 
incorporating activity levels of tritium into target molecules and are as follows: 

A. Catalytic Reduction with Tritium Gas - This procedure normally yields high specific activity 
20 products and requires halogenated or unsaturated precursors. 

B. Tritium Gas £;q)osure Labeling - This procedure involves exposing precursors containing 
exchangeable protons to tritium gas in the presence of a suitable catalyst. 

C. N-Metiiylation using Methyl Iodide f H] - This procedure is usually employed to prq)are O- 
methyl or N-methyl (^H) products by treating appropriate precursors with higji specific activity methyl 

25 iodide (^H). This method in general allows for higher specific activity, such as for example, about 70-90 
Ci/mmol. 

Synthetic methods for incorporating activity levels of *^I into target molecules include: 

A. Sandmeyer and like reactions -This procedure transfortris an aryl or heteroaryl amine into a 
diazonium salt, such as a tetrafluoroborate salt and subsequently to '^I labeled compound using Na*"l. A 

30 represented procedure was reported by Zhu, D.-G. and co-workers in J, Oi-g. Chem. 2002, 57, 943-948. 

B. Ortho ^^odination of phenols - This procedure allows for the incorporation of '"l at the ortfao 
position of a phenol as reported by Collier, T. L. and co-workers in J. Labeled Compd Radiopharvh 1999, 
^2,S264-S266. 

C. Aryl and heteroaryl bromide exchange with *^I - This method is generally a two step process. 
35 Hie first step is the conversion of the aryl or heteroaryl bromide to the corresponding tri-alkyltin 

intermediate using for exiample, a Pd catalyzed reaction [i.e. Pd(Ph3P)4] or through an ar)4 or heteroaryl 
lithium, ill the presence of a tri-alkyltinhalide or hexaalkylditin [e.g., (CH3)3SnSn(CH3)3]. A represented 
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piocedure,wasreportedbyBas,M.-D.andco-woAersk/.^ 
S282. 

Atadio-labeledRUP25 compound of FomulaCI) can be used in a screening assay to 
identify/evaluate compounds. In general ternis. a newly synthesized or identified compound (Le.. test 
compound) canbe evaluated for its abiUty to reduce binding of the "radio-k^^^^ 
(!)>' to the RUP25 receptor. Accordingly.theabiUtyofatestcoinpound to conq,ete with the 
compoundofFormula (I)" forthebinding to .heRUP25 receptor directly correbtestoitsb^^^ 

The labeled coinpoundsofthe present inventionbindtotheRUP25 receptor. In oneembodnnent 

.he labeled con^K^undhas an Egoless than about 500 MM, in another embodimentthe^^^ 

has an EC. less than about 100 MM. in yet another embodiment the labeledco^^^ 
aboutlOMM. in yet another embodimentthekbeledcompoundhas an EC50 less than aboutl^ 

stiU yet another embodiment the labeled inhibitor has an EC5, less than about 0. 1 mM. 
Other uses ofthe disclosed receptors andmethodswinbecomeappaienttotose in the artba^ 

alia, a review of this disclosure. 

As will be recognized, flie steps ofthe methods ofthe present invention need notbe performed any 

particular number of times or in any particular sequence. Additional objects, advantages 

of this invention wiUbecomeapparenttothose skilled in the art upon examination of the foUowmg 

examplesthereotwhichareintendedtobeillustrativeandnotintendedtobelimiting. 
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EXAMPLES 

The following Examples are provided for illustrative purposes andnotasameans of limitation. 
One of ordinary skill in the art wouldbeabletodesign equivalent assays and methods based on the 

disclosure herein, aU of wWch form part of thepresentinventioa 

25 Example 1 

RODENT DIABETES MODELS 

Rodent models of type 2 diabetes associated with obesity and insulin resistance have been 
developed. Genetic models such as db/db and ob/ob[.eeDiabetes(1982)31:l-6] in mice and fetfain 

zuckeriats have been developedforunderstanding the pathophysiology of disease andfor testing candid^ 
therapeutic compounds [Diabetes (1983) 32:830-838; Annu Rep Sankyo Res (1994) 46:1-57]. The 
homozygous animals. C57 BLflKsJ-db/db mice developed by Jackson Laboratory are obese, hyperglycemic, 
hyperinsulinemic and insulin resistant [J Clin invest (1990) 85:962-967], whereas het^^ 
and normoglycemic. In the db/db model, mice progressively develop insulinopenia with age. a feature 
commonly observed in late stages of human type 2 diabetes v.hen sugar levels are insufficientiy controlled. 
Since this model resembles that of human type 2 diabetes, the compounds of the present invention are tested 
for activities including.butnotMitedto.loweringofplasma glucose and triglycerides. Zuck^ 
areseverely obese,hyperinsulinemicandinsulin resistant {Coleman,Diabetes(1982)31:l;^ 
Diabetes Memtiis.HRitoiandDPorte.Jr,Eds [Elsevier SciencePubUshingCo,NewYork,ed. 4,(1990). 
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pp. 299-340]} and the &/fe mutation may be the lat equivalent of the murine db mutation [Friedman et al, 
Ceil (1992) 69:217-220; Traett et al, Proc Natl Acad Sci USA (1991) 88:7806]. Tubby (tub/tub) mice are 
characterized by obesity, moderate insulin resistance and hyperinsulineniia without significant 
hyperglycemia [Coleman et al, Heredity (1990) 81:424]. 
5 Hie present invention encompasses the use of compounds of the invention for reducing the insulin 

resistance and hyperglycemia in any or all of the above rodent diabetes models, in humans with type 2 
diabetes or other preferred metabolic-related disorders or disorders of l^id metabolism described previously 
or in models based on other mflmmfllg Plasma glucose and insulin levels will be tested, as well as other 
factors including, but not limited to, plasma fi:ee &tty acids and triglycerides. 

10 In Vivo Assay for Anti-HvDerglvcemic Activitv of Compounds of the Invention 

Genetically altered obese diabetic mice (db/db) (male, 7-9 weeks old) are housed (7-9 mice/cage) 
under standard laboratory conditions at 22°C and 50% relative hmnidity and maintained on a diet of Purina 
rodent chow and water ad libitum. Prior to treatment, blood is collected firom the tail vein of each animal 
and blood glucose concentrations are determined using One Touch Basic Glucose Monitor System 

15 (Lifescan). Mice that have plasma glucose levels between 250 to 500 mg/dl are used Each treatment group 
• consists of seven mice that are distributed so that the mean glucose levels are eqioivalent in each group at the 
start of the study, db/db mice are dosed by micro-osmotic pumps, inserted using isoflurane anesthesia, to 
provide compoimds of the invention, saline or- an irrelevant compound to the mice subcutaneously (s.c). 
Blood is sampled from the tail vein at intervals thereafter and analyzed for blood glucose concentrations. 

20 Significant differences between groins (comparing confounds of the kivention to saline-treated) are 
evaluated using Student t-test 

Example 2 

Mouse Atherosclerosis Model 

25 Adiponectin-deficient mice generated through knocking out the adiponectin gene have been shown 

to be predisposed to atherosclerosis and to be insulin resistant The mice are also a suitable model for 
ischemic heart disease [Matsuda, M et al. J Biol Chem (2002) July and references cited thereiQ, the 
disclosures of which are incorporated herein by reference in their entirety], 

Adiponectin knockout mice are housed (7-9 mice/cage) under standard laboratory conditions at 

30 22°C and 50% relative huiriidity. The mice are dosed by micro-osmotic piunps, inserted using isoflurane 
anesthesia, to provide compounds of the invention, saline or an irrelevant compound to the mice 
subcutaneously (s.c.). Neointimal thickening and ischemic heart disease are determined for different groups 
of mice sacrificed at different time intervals. Significant differences between groups (comparing 
compoimds of the invention to saline-treated) are evaluated using Student t-test 
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Examples 

In Vitro Biological Activity 

A modified Flasli PlateTM Adenylyl Cyclase kit (New England Nuclear; Cat. No. SMP004A) 
was utilized for direct identification of candidate compounds as agonists to liRUP25 (Seq. Id, Nos. 1 & 
5 2) in accordance with the following protocol: 

CHO cells stably transfected with an expression vector encoding hRUP25 and cultured under 
condition permissive for cell surface expression of the encoded hRUP25 receptor were harvested from 
flasks ^na non-enzymatic means. The cells were washed in PBS and resuspended in the manufacture's 
Assay iBufier. Live cells were counted using a hemacytometer and Trypan blue exclusion and the ceil 

10 concentration was adjusted to 2x10^ cells/ml. cAMP standards and Detection Buffer (comprising 2 ^Ci 
of tracer ['^Q-cAMP (100 ^1) to 1 1 ml Detection Buffer) were prepared and maintained in accordance 
with the manufacturer's instructions. Candidate compounds identified as per above (if frozen, thawed at 
room temperature) were added to their respective wells (preferably wells of a 96-well plate) at' 
increasing concentrations (3jil/well; 12^M final assay concentration). To these wells, 100,000 cells in 

15 50^1 of Assay Buffer were added and the mixture was then incubated, for 30 minutes at room 

temperature, with gentle shaking. Following the incubation, 100|xl of Detection Buffer was added to 
each well, followed by incubation for 2-24 hours. Plates were counted in a Wallac MicroBeta'"^ plate 
reader using *Trot #3 1" (as per manu&cturer instructions). 

20 Example 4: Representative Biological Activity. 

The biological in vitro activity was detemiined using the cAMP Whole Cell method Certain 
con^unds of the invention have an BQso in the range of about 30 nM to about 20 |llM. 

Example 5 

In Vivo Animal Model 

One utility of the compound of the present invention as a medical agent in the prophylaxis and 
treatment of a high total cholesterol/HDL-cholesterol ratio and conditions relating thereto is demonstrated 
by the activity of the compoimd in lowering the ratio of total cholesterol to HDL-cholesterol, in elevating 
HDL"Cholesterol or in protection from atherosclerosis in an i/i vivo pig model. Pigs are used as an animal 
model because they reflect human physiology, especially lipid metabolisni, more closely than most other 
animal models. An illustrative in vivo pig model not mtended to be limiting is presented here. 

Yockshhe albino pigs (body weight 25.5 ± 4 k^) are fed a saturated fatty acid ridi and cholesterol 
rich (SFA-CHO) diet during 50 days (1 kg chow 35 kg'* pig weigjit), composed of standard chow 
supplemented with 2% diolesterol and 20% beef tallow [Royo T et aL, European Journal of Clinical 
Investigation (2000) 30:843-52; which disclosure is hereby incorporated by reference in its entirety]. 
Saturated to unsaturated fatty acid ratio is modified from 0.6 in normal pig chow to 1 . 12 in the SFA-CHO 
diet. Animals are divided into two groups, one group (« = 8) fed with the SFA-CHO diet and treated with 
placebo and one group {n - 8) fed with the SFA-CHO diet and treated with the compound (3.0 mg kg"*). 
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Ck)ntrol animals are fed a standaid chow for a period of 50 days. Blood samples are collected at baseline (2 
days after the reception of the animals) and 50 days after the initiation of the diet Blood lipids are analyzed. 
TTie animals are sacrificed and necropsied. 

Alternatively, the foregoing analysis comprises a plurality of groups each treated with a different 
5 dose of the confound Preferred doses are selected from the group consisting of: 0.1 mg kg\ 0.3 mg kg"^ 
1.0 mg kg"^ 3.0 mg kg'^ 10 mg kg\ 30 mg kg"^ and 100 mg kg\ Alternatively, the foregoing analysis is 
carried out at a pluraHty of timepoints. Preferred timepoints are selected from the group consisting of 10 
weeks, 20 weeks, 30 weeks, 40 weeks and 50 weeks. 

10 HDIX:holesterol 

Blood is collected in trisodium citrate (3.8%, 1 :10). Plasma is obtained after centrifugation (1200 g 
15 min) and immediately processed. Total cholesterol, HDL-cholesteh)l and LDL-cholesterol are measured 
using the automatic analyzer Kodak Bktachem DT System (Eastman Kodak Company, Rochester, NY, 
USA). Samples witfi vahie parameters above the range are diluted with the solution supplied by the 

15 manufacturer and then re-analyzed. The total cholesterol/HDL-cholesterol ratio is determined. Comparison 
is made of the level of HDL-cholesterol between groups. Comparison is made of the total cholesterol/HDL- 
cholesterol ratio between groups. 

Elevation of HDL-cholesterol or reduction of the total cholesterol/HDL-cholesterol ratio on 
administration of the compound is taken as indicative of the compound having the aforesaid utility. 

20 

Atherosclerosis 

The thoracic and abdominal aortas are removed intact, opened longitudinally along the ventral 
sur&ce and fixed in neutral-bufiored formalin after excision of samples from standard sites in the thoracic 
and abdominal aorta for histological examination and lipid composition and synthesis studies. After 

25 fixation, the whole aortas are stained with Sudan IV and piimed out flat and digital images are obtained with 
a TV camera connected to a conqjuterized image analysis system (hnage Pro Plus; Media Cybemetics, 
Silver Spring, MD) to determine the percentage of aortic surface involved widi atherosclerotic lesions 
[Gerrity RG et al, Diabetes (2001) 50:1654-65; ComhiU JF et al. Arteriosclerosis, Tliromhosis and Vascular 
Biology (1985) 5:415-26; which disclosures are hereby incorporated by reference in their entirety]. 

30 Comparison is made between groups of the percentage of aortic surface involved with atherosclerotic 
lesions. 

Reduction of &e perc^tage of aortic surface involved with atheroscl^tic lesions on 
administration of the compound is taken as indicative of the compound having the aforesaid utility. 



. 35 Example 6 

Receptor Binding Assay 

In addition to the methods described herein, another means for evaluating a test compoimd is by 
determining binding afBnities to the RUP25 receptor. This type of assay generally requires a radiolabelled 
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Ugand to the RUP25 receptor. Absait the use of known Hgands for the RUP25 receptor and radiolabels 
thereo£ compounds of Formula (I) can be labeUed with a radioisotope and used in an assay for evaluating 
the afiinity of a test compound to the RUP25 receptor. 

A radiolabeUed RUP25 compound of Formula (I) can be used in a screening assay to 
5 identify/evaluate compounds. In general terms, a newly synthesized or identified compound (i.e., test 
compound) can be evaluated for its ability to reduce binding of the "radiolabelled compound of Formula 
00" to the RUP25 receptor. Accordingly, the abihty to compete with the *^o-labelled compound of 
Formula (I)" or RadiolabeDed RUP25 Ligand for the bmding to the RUP25 recqjtor directly correlates to its 
binding affinity of the test compound to the RUP25 recq)tor. 

10 

ASSAY PROTOCOL FOR DETERMINING RECEPTOR BINDING FOR RUP25: 

A. RUP2S RECEPTOR PREPARATION 

293 cells (human kidney, ATCC), transiently transfected with 10 ug human RUP25 receptor and 60 
ul Lipofectamine (per 15-cm dish), are grown in the dish for 24 hours (75% confluency) with a media 

15 change and removed with 10 ml/dish of Hepes-EDTA buffer ( 20mM Hepes + 10 mM EDTA, pH 7.4). 
The cells are centrifuged in a Beckman Coulter centrifuge for 20 minutes, 17,000 rpm (JA-25.50 rotor). 
Subsequently, the pellet is resuspended in 20 mM Hepes + I mM EDTA, pH 7.4 and homogenized with a 
50- ml Bounce homogenizer and again caitrifiiged. After removing the supernatant, the peUets are stored at 
-80**C, until used in binding assay. When used in the assay, membranes are thawed on ice for 20 minutes 

20 and then 10 mL of incubation buffer (20 mM H^es, 1 mM MgCfc, 100 mM NaCl, pH 7.4) added. The 
membranes are vortexed to resuspend the crude membrane pellet and homogenized with a Brinkmann PT- 
3100 Polytron homogenizer for 15 seconds at setting 6. The concentration of membrane protein is 
determined using the BRL Bradford protein assay. 

B. BINDING ASSAY 

25 For total binding, a total volume of 50ul of appropriately diluted membranes (diluted in assay buffer 

containing 50mM Iris HCl (pH 7.4), lOmM MgClz and ImM EDTA; 5-50ug protein) is added to 96-weU 
polyproylene microtiter plates foUowedby addition of lOOul of assay buffer and 50ul of RadiolabeUed 
RUP25 Ligand. For nonspecific binding, 50 ul of assay buffer is added instead of lOOul and an additional 
50ul of lOuM cold RUP25 is added before 50ul of Radiolabelled RUP25 Ligand is added. Plates are then 

30 incubated at room temperature for 60-120 minutes. The binding reaction is terminated by fdtering assay 
plates through a Microplate Devices GF/C Unifilter filtration plate with a Brandell 96-well plate harvester 
followed by washing with cold 50 mM Tris HCl, pH 7.4 containmg 0.9% NaCL Then, the bottom of the 
fUtration plate are sealed, 50ul of Optiphase Supermk is added to each well, the top of the plates are sealed 
and plates are counted in a Trilux MicroBeta scintillation counter. For compound competition studies, 

35 instead of adding lOOul of assay buffer, lOOul of appropriately diluted test compound is added to 
appropriate weUs followed by addition of 50 ul of Radiolabelled RIJP25 Ligand. 
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C. CALCULATIONS 

Hie test coir^ounds are initially assayed at 1 and 0.1 fjM and then at a range of concentrations 
chosen such that the middle dose would cause about 50% inhibition of a Radio-RUP25 Ligand binding (Le., 
ICso). Specific binding in the absence of test compound ^o) is the difference of total binding (Bj) minus 
5 non-specific binding (NSB) and similarly specific binding (in the presence of test compound) (B) is the 
difference of displacement binding (Bd) minus non-specific binding (NSB). IC50 is determined from an 
inhibition response curve, logit-log plot of % B/Bq vs concentration of test compound. 

Kj is calculated by the Cheng and Prustoff transformation: 
Ki = IC5o/(l + [L]/KD) 

10 where [L] is the concentration of a Radio-RUF25 Ligand used in the assay and Kq is the 

dissociation constant of a Radio-RXJP25 Ligand deteimined indq)endently under the same binding 
conditions. 



Example?: Flashing via Laser Doppler 

15 Procedure - Male C57B16 mice (~25g) are anesthetized using lOmg/ml/kg Nembutal sodium. 

When antagonists are to be administered the are co-injected with the Nembutal anesthesia. After ten minutes 
the animal is placed under the laser and the ear is folded back to expose the ventral side. The laser is 
positioned in the center of the ear and focused to an intensity of 8.4-9.0 V (with is generally '-4.5cm above 
the ear). Data acquisition is initiated with a 15 by 15 image format, auto interval, 60 images and a 20sec 

20 time delay with a medium resolution. Test compounds are administered following the lOth image via 

injection into the peritoneal space. Images 1-10 are considered tiie animal's baseline and data is normalized 
to an average of the baseline mean intensities. 
. Materials and Methods - Lasor Doppler Pirimed Pimll; Niacin (Sigma); Nembutal (Abbott labs). 

25 Example 8: Inhibitioii of Free Fatty-Acid Production,.m vivo, in Catheterized Male Sprague-Daly 
Rats 

Figure 2A depicts nicotinic acid inhibiting plasma free fatty acid concentrations in food 
deprived animals at various concentrations. 

Figure 2B depicts Compound 1 is able to inhibit free fatty acid production to the same extent, at 
30 similar doses and within the same time-frame as compared to nicotinic acid dose-response. 

Non-esterified free-fetty acid (NEFA) assays were done on serum derived from live, freely 
moving rats. Jugular vein catheters were surgically implanted into the jugular veins and the animals 
were aUowed to recover at least 48hr post surgery. Food was removed from the animals approximately 
16 hours prior to the assay. A draw of -200jil blood was pulled from the catheter and represents the 
35 baseline NEFA serum sample. Dmg was administered intra-peritoneally (BP) at various concentrations 
to individual rats and th«i -200^1 blood draws were pulled from the catheter at the indicated time points 
for further NEFA analysis. NEFA assays were performed according to the manufacturer's specifications 
(Wako Chemicals, USA; NEFA C) and free fatty acid concentrations were determined via regression 



wo 2005/051937 



PCT/US2004/038920 



20 



53 

analysis of a known standard curve (range of known free fatty acids). Data was analyzed using Excel 
and PrismGraph. 

Example 9: Compounds of the Invention - Syntheses. 

Example 9.1: 5-Cyclohex-l-enyI-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid (Compound 1) • 
General Synthesis. 

^ o <^ o 





OH 



O O 

To a solution of 5-cyclohex-l-enyl-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid methyl 
ester (47 mg, 0.2 mmol) in THF/MeOH (1/1, 2mL) was added LiOH'H20 (8.4 mg, 0.2 mmol). The reaction 
10 mixture was stirred at room tenq)erature for 5 hours. After concentration, the residue was dissolved in H2O 
(4mL), washed with ethyl eflier (2 x5mL). The separated aqueous layer was acidified to pH 2. This 
acidified solution was extracted with ethyl ether (3x5 mL). The extracts were dried (Nfa2S04), filtered and 
concentrated The crude product was purified with a silica gel colunm using EtOAc/AcOH (20/1) providing 
35 rag (79%) of racemic 5-<yclohex-l-enyl-5-methyl-4K)xo-4,5-dihydro-fiuan-2-carboxylic acid: LC-MS 
15 m/z 111 (M-1); NMR (400 MHz, CDCI3) 8 6.30 (s, 1 H), 5.90 (m, 1 H), 2.16-2.06 (m, 3 H), 1.79-1.70 
(m, 1 H), 1.67-1.51 (m, 4 H), 1.58 (s, 3 H). 

In intermediate 5-Cyclohex-l-enyl-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid methyl 
ester was prepared in the following manner: 

A. l-Cyclohex-l-enyl-l-(2-methyl-[l,3]dithian-2-yl)-ethanol, 



To an oven-dried round-bottora flask with stirring bar was added 2-methyl-[l ^]dithiane (4.3 1 mL, 
36.0 nmiol) and THF (150 mL). The flask was flushed witii argon, cooled to -78*'C and «-butyl lithium 
(22.5 mL of 1.6 M solution in hexanes, 36.0 mmol) was added over 10 min. by syringe. The flask was 
warmed to -10**C, stined for 2 h, cooled to -78 **C and 1-cyclohex-l-enyl-etiianone (3.73 g, 30.0 mmoQ was 

25 added dropwise. After stirring overnight, the reaction was quenched with NH4CI (100 mL) and extracted 
with EtOAc (3 x 100 mL). The combined organic extracts were dried (Na2S04), filtered and concentrated. 
The crude product was purified with a Biotage 60+M silica gel column using isocratic 9: 1 Hexanes/EtOAc 
providing 5.17 g (67%) of l-cyclohex-l-enyl-l-(2-methyl-[l,3]dithian-2-yl)-ethanol: 'HNMR (400 MHz, 
CDCI3) 5 (m, 1 H), 2.97-2.80 (m, 4 H), 2.70 (bs, 1 OH), 2.32-2.18 (m, 2 H), 2.17-2.09 (m, 2 H), 2.06-1.95 

30 (m, 1 H), 1.93-1.82 (m, 1 H), 1.79 (s, 3 H), 1.62-1.51 (m, 4 H), 1.56 (s, 3 H). 
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. B. 3-Cyclohex-l-«nyl-3-hydroxy-butan-2-one. 

1 9" Hg(C104), 





To a solution of l-cyclohex-l-enyl4-(2-methyl-[l,3]ditbian-2-yl>eti^ (5.17 g, 20.0 mmol) in 
MeOH (100 mL) was added Hg(C104)2 (16.0 g, 40.0 mmol). The suspension was stined for 2 h at room 
5 temperature. The suspension was MteredfhiougihCelite and the fUtrate was conc^ira^^ The resulting 
residue was dissolved in H2O (150 mL) and extracted with EtOAc (3 x 100 mL). The combined org^c 
extracts were washed with H2O (70 mL), dried (Na2S04), filtered and concMitrated. The crude product was 
purified on the Si02 column using a gradient of 2% to 41% EtOAc in hexanes providing 2.3 g (68%) of 3- 
. cyclohex-l-enyl-3-hydroxy-butan-2-one: NMR (400 MHz, CDCI3) § (m, 1 H), 4.07 (s, 1 OH), 2. 14 (s, 3 
10 . H), 2.14-2.09 (m, 2 H), 1.68-1.48 (m, 6 H), 1.46 (s, 3 H). 

C. 5-CycloheX'l-enyl-5-methyl-4-oxo-4,5-dihydro-furan-2-caiboxylic acid methyl ester. 

I9" . -<nr 





(1.1 eq.) 

O o 
To an oven-dried 10 mL vial was added 3-cyclohex-l-enyl-3-hydroxy-butan-2-one (0.80 g, 4.80 
mmol), THF (4 mL) and trimethoxy-acetic acid methyl ester (0.94g, 5.76 mmol). The vial wa^ capped with 

15 a septum and flushed with Ar. In a dried round-bottom flask with stirring bar was added sodiiun hydride 
(60% dispersion m mineral oil, 0.57 g, 14.4 mmol) and THF (20 mL). The flask was capped with a septum 
and flushed with Ar, The contents of the vial were added drop wise via syringe to the round-bottom flask. 
The round-bottom flask was equipped with a condenser and septum and heated to 65 °C imder Ar for 12 h. 
The reaction was quenched with sat'd MI4CI (20 mL) and the lay^ were separated. The organic extract 

20 was concentrated and dissolved in 1,4-dioxane (4 mL). The solution was mixed with cone. HCl (0.5 mL) 
and stirred ov^night at rt Saturated NaHCX)3 solution (20 nnL) was added and the reaction was extracted 
with EtOAc (3 x 50 mL). The extracts were dried (Na2S04), filtered and concentrated. The crude product 
was purified with a Biotage 25+M silica gel column using a gradient of 0-10% EtOAc in hexanes providing 
0.37 g (32%) of racemic 5-cyclohex-l-enyl-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid methyl 

25 ester: LC-MS miz 235 (M-1); 'H NMR (400 MHz, CDCI3) 5 620 (s, 1 H), 5.90-5.88 (m, 1 H), 3.96 (s, 3 
H), 2.14-2.04 (m, 3 H), 1.87-1.78 (m, 1 H). 1.63-1.52 (m, 4 H), 1.54 (s, 3 H). 

Example 9.2: 5-Methyl-4-oxo-5-thiophen-3-yl-4^ihydro-furan-2-carboxylic acid methyl ester 
(Compound 2). 

30 5-Methyl-4-oxo-5-thiophai-3-yl-4,5-dihydro-furan-2-carboxylic acid mefliyl ester was prepared in 

a similar manner as described in Example 9.1. LC-MS m/z 239 (M+1); *H NMR (400 MHz, DMSO-4,) 8 
. 7.64-7.61 (m, 2 H), 7,13 (dd, J-4.9. 1.5 Hz, 1 H). 6.46 (s, 1 H). 3.94 (s, 3 H). 1.76 (s, 3 H). 
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Example 93: 5-Methyl-4H)XO-S-thiophen.2-yM^aydro-funm-2-carboxyUc add methyl ester 
(Compomid3) 

5-Meftyl-4^xo-5-thiophen-2-yl-4,5-dihydio-furan-2-carboxylic acid methyl ester was prepared in 
a sinular maimer as described in Example 9. 1. LC.-MS m/z 239 (M+1); 'H NMR (400 MHz, CDCW § 7.30 
(dd, 7= 5.1, 1.2 Hz, 1 H). 7.10 (J= 13.6, 1.1 Hz. 1 H). 6.99 (dd, /= 5.0, 3.6 Hz, 1 H), 6.28 (s, 1 H), 3.98 (s. 
3H),1.86(s,3H). 

Example 9.4: 5<4-Bromo.tMophen-2-yl)-5-methyl■4H,xo^^ydro-f^II^-^<ari)oxyto acid methyl 
ester (Compomid 4) 

5-{4-Bromo-thiophen-2-yO-5-mediyl-4^xo^,5-dihydro-furan-2-<aiboxy^^ acid methyl ester was 
preparedinasimilatmannerasdescribedinExample9.1. LC-MS,«A315 (M-1); 'HNMR(400MHz, 
CDCy § 7.20 (d,y= 1.4 Hz. 1 H), 7.04 (d,7= 1.4 Hz, 1 H). 6.27 (s, 1 H), 3.99 (s. 3 H), 1.82 (s, 3 H). 

Example 9Si 5K4-Brom<»-thiophen-^yl>5-methyl-4K)Xo^^ihydro-furan-2-carboxyUc add 
(Compound 5) 

5-(4-Bromo-tbiophen-2-yl)-5-melhyl-4-oxo-4,5-dihydro-furan-2-caiboxylic acid was prepared in a 
similar mamier as described in Example 9. 1. LC-MS ;n/z 301 (M-1); 'H NMR (400 MHz. CDCI3) § 721 
(d.y= 1.4 Hz, 1 H), 7.05 (d, /= 1.4 Hz. 1 H). 6.38 (s, 1 H), 1.85 (s, 3 H). 

Example 9.6: 5-Methyl-SK5-methyl-thiophen-2-yI)^xo^.5Hlihydro-fm^n-2-K:arb^^^ add methyl 
ester (Compound 6) 

5-MethyI-5-(5-melhyl-thiophen-2-yl)-4-oxo-4.5-dihydio-furan-2-^ acid melhyl ester was 
prepared inasimilar manner as descnT)ed in Example9.1.IX>MSm/Sr 251 (M4^^ 
CDCI3) § 6.87 (d, J= 3.6 Hz. 1 H). 6.62 (dt, /= 3.5. 1.0 Hz. 1 H). 626 (s, 1 H), 3.97 (s. 3 H), 2.44 (s, 3 H). 
1.82 (s, 3 H). 

Example 9.7: 5-MethylrS-(5-methyl-thiophen-2-yl)^xo-4,5-dihydro-furaii-2-carboxyUc add 
(Compound 7) 

5-Methyl-5-(5-me1hyl-thiophen-2-ylHK)Xo4,5wiihydro-fiiian-2-«ai^ acid was prepared in a 
similar mamier as described in Example9.1. LC-MS 237 (M-1); 'HmiR(400 MHz. CDCW 
(d, J= 2.8 Hz. 1 H). 6.58 (bs. 1 H), 6.26 (s. 1 H). 2.41 (s, 3 H). 1.80 (s, 3 H). 
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Example 9.8: S<5-Chloro-tMophen-2-y9-5^methy]r4^xO'4^ihydr^ add methyl 

ester (Compound 8) 

5-(5<]Mo]»-lWoph^-2-yl)-5-methyl-4K)xo-4,5-KlihydixH acid methyl ester was 

prepared in a similar manner as described in ExamplQ 9.1. LC-MS m/z21\ (M-l); NMR (400 MHz, 
5 CDCI3) § 6.88 (d, /= 3.9 Hz, 1 H), 6.80 (d, J = 3.9 Hz, 1 H), 6.27 (s, 1 H), 3.98 (s, 3 H), 1.81 (s, 3 H). 

Example 9.9: 5-CycIopent-l-enyl-5-metliyM-oxo-455-dihydro-furan-2-carboxylic acid (Compound 9) 
5-Cyclopent-l-enyl-5-methyi-4-oxo-4,5-dihydro-fuian-2-<:^ acid was prepared in a similar 
manner as described in Example 9.1. LC-MS mk 207 (M-1); ^H NMR (400 MHz, DMSO-4) § 6.19 (s, 1 
10 H), 5.79 (m, 1 H), 2.35-2.26 (m, 3 H), 2.14-2.05 (m, 1 H), 1.86-1.78 (m, 2 H), 1.49 (s, 3 H). 

Example 9.10: 5-BiphenyI-3-yl-5-methyl-4-oxo-4,S-dihydro-furan-2-carboxylic acid methyl ester 
(Compound 10) 

5-Biphenyl-3-yl-5-methyl-4-oxo4,5-dihydro-fiiran-2-carboxyiic acid methyl ester was prepared in 
15 a similar manner as described in Example 9.1. ^H >MR (400 MHz, CDCI3) 5. 7.71 (t, 7= 1.8 Hz, 1 H), 
7.59-7.34 (m, 8 H), 626 (s, 1 H), 3.99 (s, 3 H), 1.86 (s, 3 H). 

Example 9.11: 5-Methyl-4-oxo-5-(3-thiophen-2-yl-phenyl)-4^-dihydro-furan-2-carboxyU^ acid 
methyl ester (Compound 11) 

20 5-Methyl-4-oxo-5-(3-thiophen-2-yl-phenyl)-4,5-dihydro-fm-an-2-caiboxylic acid methyl ester was 

prepared in a similar manner as described in Example 9.1. ^H NMR (400 MHz, CDCI3) 5 7,74(s, 1 H), 7.56 
(d, J= 7.5 Hz, 1 H), 7.44 (d, 7.9 Hz, 1 H), 7.37 (t, /= 7.7 Hz, 1 H), 7.33 (d, J= 3.6 Hz. 1 H), 7.30 (d, J 
- 5.1 Hz, 1 H), 7.08 (t, J- 4.0 Hz, 1 H), 6.26 (s, 1 H), 4.01 (s, 3 H), 1.84 (s, 3 K^. 

25 Example 9.12: 5<3-Bromo-phenyI>-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid methyl ester 
(Compound 12) 

5-(3-Bromo-phenyl)-5-methyl-4-oxo-4,5-dihydro-furan-2-caiboxylic acid methyl ester was 
prepared in a similar manner as described in Example 9.1. ^H NMR (400 MHz, CDCI3) § 7.65 (t, 7= 1.8 
Hz, 1 H), 7.46 (d, 7.9 Hz, 1 H), 7.45 (d, 7= 7.9 Hz, 1 H), 724 (t, J= 8,2 Hz, 1 H), 624 (s, 1 H), 4.00 (s, 
30 3H),1.78(s,3H). 

Example 9.13: 5-(3-Bromo-phenyl)-5-metfayl-4-oxo-4^-dihydro-furan-2-carboxylic acid (Compound 
13) 

5-(3-Bromo-phenyl)-5-methyl-4-oxo-4,5-dihy<ko-furan-2-carboxylic acid was prepared in a similar 
35 manner as described in Example 9.1. LC-MS m/z 295 (M-1); ^H NMR (400 MHz, CDCI3) 5 7.66 (t, 1.8 
. Hz. 1 H), 7.49-7.45 (m, 2 H), 7.25 (t, /= 8.0 Hz, 1 H). 6.36 (s, 1 H), 1.81 (s, 3 H). 
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Example 9.14: 5-(3-Iodo-phenyl>5-methyl-4H>xo-4^ihydro-furan-2-carboxylic acid (Compound 
14) 

5-(3-Iodo-phenyl)-5-methyl-4-oxo-4,5-dihydro-furan-2-cart)Oxylic acid was prqjared in a similar 
manner as described in Example 9.1. LC-MS m/z 343 (M-1); 'H NMR (400 MHz, CDClj) 5 7.84 (t, J= 1 .7 
5 Hz. 1 H), 7.68 (ddd,y= 7.9, 1.6. 1.0 Hz, 1 H), 7.51 (ddd, J= 7.9, 1.7, 1.0 Hz, 1 H), 7.1 1 (t, J= 7.9 Hz, 1 H), 
636(s.lH),1.80(s,3H). 

Example 9.15: 5-(3-CMoro-pheny0-5-meUiyl-4-oxo-4,5Mlihydn)-fiiran-2-cai*oxylic acid (Compound 
15) 

10 5-(3-aitoro-phOTyl>-5-methyl4-oxo4,5-<lihydro-furan-2-carboxylic acid was prepared in a similar 

manner as described in Example 9.1. LC-MS m/fe 251 ^-1); 'HNMR(400MHz,CDCl3)57.42(bs, 1 H). 
7.33 (bs, 1 H), 725 (bs, 2 H), 6.20 (s, 1 HQ. 1.73 (s, 3 H). 

Example 9.16: 5-^-Fluor»i>haiyO-5-metIqrI-4-oxo-4^daiydro-furan-2-carbo]q^lic acid (Compound 
15 16) 

5-(3-FIuoro-plienyl)-5-melhyl-4-oxo4,5-dihydro-furan-2-carboxylic acid was prepared in a similar 
manner as described in Example 9.1, 'H NMR (400 MHz, CD3OD) § 7.41 (td, 7= 8.0, 6.0 Hz, 1 H), 7.33 
(ddd,y= 7.9, 1.5, 1.0 Hz, 1 H), 7.24 (ddd,y= 10.3, 2.4. 1.8 Hz, 1 H), 7.08 (ddd, 7= 8.5, 2.5, 1.0 Hz, 1 H), 
6.22(s,lH),1.77(s,3H). 

20 

Example 9.17: 5-P^Difluoroipliaiyl)-5-metliyl-4-oxo-4^-dihydro-fnran-2-carboxylic acid 
(Compound 17) 

5-(3,5-Difluoroi>henyl>-5-metfayi-4^ao4,5-dihydro-fiuan-2-carboxylic acid was prq>ared in a 
amilar manner as described in Exan?>le 9.1. LC-MS w/fe 253 (M-1); 'H NMR (400 MHz, iMSO-de) 8 
25 7.27 (tt, J= 9.3, 2.3 Hz, 1 H), 7.16-7.09 (m, 2 H), 6.11 (s, 1 H), 1.72 (s, 3 H). 

Example 9.18: 5-Methyl-4-oxo-5-m-tolyl-4^-diiiydro-furan-2-carboxyllc acid (Compound 18) 

5-Mefhyl-4-oxo-5-m-tolyl-4,5-diliydro-furan-2-carboxylic acid was pr^ared in a similar manner as 
described in Example 9.1. 'H NMR (400 MHz, CDCI3) § 7.30 (d, 7 = 7.3 Hz. 1 H), 7.30 (s. 1 H). 7.26 (t. / 
30 =7.3Hz,lH).7.15(d,y=7.3Hz.lH),6.34(s,lH),2.36(s,3H),1.82(s,3H). 

Example 9.19: 5-(3-Etliyl-phenyl)-5-metliyl-4-oxo-4^-dihydro-furan-2-carboxylic add (Compound 
19) 

S-(3-Bthyl-phaiyl)-5-metfa.yl-4-oxo-4,5-dihydio-furai]h2-carboxylic acid was prepared in a similar 
35 manner as described in Example 9. 1. LC-MS m& 245 (M-1); 'H NMR (400 MHz, CDClj) § 734-7.27 (m, 
3 H), 7.18 (d, /=7.1 Hz. 1 H), 6.37 (s, 1 H), 2.66 (q,/= 8.0 Hz, 2 H), 1.83 (s, 3 H), 123 (t, J= 8.0 Hz, 3 
H). 
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Example 920: 5-Methyl-4-oxo-5-(3-trifluoromethyl-phenyIH95-dihy^ acid 
(Compound 20) 

5-Methyl4-oxo-5-<3-1rifhioromelbyl"phenyl)-4,5-Ki& acid was prepared in 

a similar manner as described in Example 9.1. NMR (400 MHz, CDCI3) 6 7.78 (s, 1 H), 7.74 (d, 7= 8.0 
5 Hz, 1 H), 7.60 (d, J= IJ Hz, 1 B), 7.51 (t, /= 7.8 Hz, 1 H), 6.34 (s, 1 H), 1.83 (s, 3 H). 

Example 9.21: 5-(5-C,Woro-thiophen-2-yI)-5-methyI-4K>xo^^dihydro-fai^-2- add 
(Compound 21) 

5-(5<]Jhlorc}-fhiophen-2-yl)-5-melfayi-4K)xo-4,5-dihydro- acid was prepared in a 

10 similarmannerasdescribedinExample9.1. IX:-MSni/z257(M-l); ^HNMR(400MHz,CDCl3)5 6.88 
(d, /= 3.9 Hz, 1 H), 6.80 (d, 7= 3.9 Hz, 1 H), 6.38 (s, 1 H), 1.84 (s, 3 H). 

Example 9.22: 5-Methyl-4H)xo-54lilophen-2-yM,5-dihydro-fiii^n-2-carbox^ acid (Compound'22) 
5-Methyl4K)xo-5-1hiophen-2-yl-4,5-dihydro-furan-2-carboxylic acid was prepared in a similar 
15 manner as described in Exan^le 9.1. LC-MS7«A223 (M-l); *HlSIMR(400MHz,CDCl3)57.31 (dd, J= 
5.1, 0.9 Hz. 1 H), 7.1 1 (/= 13.6, 0.9 Hz, 1 H), 7.00 (dd, 7= 5.0, 3.7 Hz, 1 H). 6.40 (s. 1 H), 1.89 (s, 3 H). 

Example 9.23: 5-(5-Bromo-thiophen-'3-yl)-5-methyl-4^>xo-4,5Hiiliydrorfuran-2-carboxylic add 
methyl ester (Compound 23) 

20 5-(5-Bromo-thiophen-3-yl)-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid methyl ester was 

prepared in a similar manner as described in Example 9.1 except the intermediate 3-(5-bromo-thiophen-3- 
yl)-3-hydroxy-butan-2-one was prepared in a manner as described below. Compound 23 was characterized 
NMRandMS; LG-MS 7n/z317 (M+1); ^HNMR(400MHz, CDCI3) 6 725 (d, J= 1.7 Hz, 1 H). 7.12 (d,y= 
1.7 Hz, 1 H), 6.25 (s, 1 H), 3.99 (s, 3 H), 1.75 (s, 3 H). 

25 The intermediate 3-(5-bromo-thiophen-3-yl)-3-hydroxy-butan-2-one was prepared using the 

following procedure. 

A) 2-Bromo-4-(l-methyl-propenyI)-thLophene. 

S S 

• ''•'Br- 

To a solution of ethyl-triphenyl-phosphonium bromide(27.0 mmol, 10.02 g) in anhydrous THF (90 
30 mL) was added at 0°C a solution of KO*Bu.(27.0 mmol, 27 mL, 1 M in THF). The solution was stirred for 1 
h at room temperature, cooled down to -78 *^C and treated with a solution of l-(5-bromo-thiophen-3-yl)- 
ethanone (19.1 nunol, 3.92 g) in anhydrous THF (30 mL) at the ten^)erature. The reaction mixture was 
slowly warmed to room temperature overnight wifli stirring. After dilution of the reaction mixture widi 
EtOAc (200 mL), it was washed with water (70 mL x 2) and brine (70 mL), dried (MgS04) and 
35 concentrated in vacuo. Chromatography on Si02 (Hexanes/EtOAc, 20/1) gave 4.15 g (100 %) of 2-bromo- 
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4-(l-methyl-propenyl>-thiophene as a liquid of isomeric mixture (Z/E isomer, 9/1). Z isomer; 'H NMR (400 
MHz, CDCk) 5 7.04 (d, 7= 1.7 Hz, 1 H), 6.98 (d, 1.7 Hz, 1 H), 5.55 (m, 1 H), 1.97 (quint, J- 1.5 Hz, 3 
H), 1.72 (dq, J= 7.0, 1.5 Hz, 3 H). E isomer, ^H NMR (400 MHz, CDCI3) 5 7.17 (d,y= 1.7 Hz, 1 H), 6.94 
(d, /= 1.7 Hz, 1 H), 5.90 (m, 1 H), 1.94 (quint, /= 1.1 Hz, 3 H), 1.77 (d, J= 6.9, 1.0 Hz. 3 H). 
5 B) 2-(5-Bromo-tliiopheii-3-yI>-butane-2^-dioL 

^"""^Jl. NMO. OSO4 

J* Acetone/HaO 

To a solution of 2-bK)mo-4-(l-metliyl-propenyl)-thiophene (19. 1 nmiol, 4. 15 g) in a cosolvent of 
acetone and water (1 5 mL/30 mL) was added at room temp^ture N-methyl morpholine oxide (NMO) 
(21.0 mmol, 4.92 g, 50% in H2O) and OSO4 (0.2 mmol, 1.27 g, 4% in H2O). The reaction mixture was 

1 0 stirred for 24 h at the ten^erature. After evaporation of acetone in vacuo, it was extracted with EtO Ac (70 
mL X 4). The combined solution was washed wifli brine (70 mL), dried (MgS04) and concentrated in vacuo. 
Chromatography on SiOt (EtOAc/Hexanes, 2/3) gave 4.3 g (90 %) of 2-(5-bromo-tfaiophen-3-yl)-butane- 
2,3-diol as an oil of isomeric mixture (major/minor, 8/1). Major isomer; ^H NMR (400 MHz, CDCI3) 8 7.10 
(d, J= 1.7 Hz, 1 H), 7.02 (d,/= 1.7 Hz, 1 H), 3.81 (m, 1 H), 2.54 (s, 1 OH), 1.99 (d, J= 5.7 Hz, 1 OH), 

15 1.53 (s, 3 H), 1.04 (d, 7= 6.4 Hz, 3 H). Minor isomer; 'H NMR (400 MHz, CDCI3) 5 7.14 (d, /= 1.7 Hz, 1 
H), 7.04 (d, /= IJ Hz, 1 H), 3.90 (m, 1 H), 2.58 (s, 1 OH), 2.07 (d, 7= 4.0 Hz, 1 OH), 1.46 (s, 3 H), 1.13 
(d, 7= 6.4 Hz, 3 H). 

Q 3-(5-Bromo-thiophen-3-yl)-3-hydroxy-butan-2-one. 




20 A solution of oxalyl chloride (19.12 mmol, 2.43 g) in anhydrous CH2CI2 (100 mL) was cooled to - 

50 ''C to -60 °C. DMSO (39.83 mmol, 2.83 mL) is added dropwise at a rapid rate, with stirring. After 5 ^ 
min, a solution of 2-(5-bromo-1hiophen-3-yl)-butane-2,3-diol (15.93 mmol, 4.0 g) in anhydrous CH2CI2 (25 
mL) was added dropwise over 10 min, keeping the temperature at -50 **C to -60 **C. After 15 min stirring, 
trielhylamine (80 mmol,. 11.15 mL) was added dropwise, keeping the temperature below -50 °C. Stirring 

25 was then continued for 5 min. The reaction mixture was allowed to warm to room temperature and water 
(100 mL) was added. The separated aqueous layer was extracted with CH2CI2 (70 mL x 2). The combined 
organic layer was washed with brine (100 mL), dried (MgS04), concentrated in vacuo. Chromatography on 
Si02 (EtOAc/Hexanes, 1/2) gave 3.2 g (81 %) of 3-(5-bromo-thiophen-3-yl)-3-hydroxy-butan-2-one as an 
oil; 'H NMR (400 MHz, GDCI3) 5 7.22 (d, /= 1.7 Hz, 1 H), 6.98 (d, /= 1.7 Hz, 1 H), 4.48 (s, 1 OH), 2.16 

30 (s,3H),1.72(s,3H). 
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Example 9.24: 5-(5-Brpmo-fMophra-3-yp-5-methy]r4H>xo^^ihydroHruran^^ acid 
(Compound 24) 

5-(5-Bromo-tMophen-3-yI)-5-methyl-4<)xo-4,5-dihy(ko-furaD-2-^^ acid was prepared in a 
similar manner as described in Example 9. 1 . LC-MS m/z 301 (M-1); 'H NMR (400 MHz, DMSO-flftf) 5 
5 7.56 (d, 7= 1.7 Hz, 1 H), 7.23 (d,/= 1.7 Hz, 1 H),6.30 (s, 1 H), 1.69 (s, 3 H). 

Example 9.25: 5-(5<:Uoro-thiophen-3-yl)-5-methyl-4-oxo-4^-dihydro-fiiran-^^ add 
methyl ester (Compound 25) 

5-<5<Woro-<Mophen-3-yl)-5-methyl-4-oxo-4,5-dihydro-fea^^ acid methyl ester was 

10 prepared in a similar manner as described in Exan^le 9.1. LC-MS mk 111 (M+1); 'H NMR (400 MHz, 
DMSOirftf) 5 7.47 (d. /= 1.7 Hz, 1 H), 7.18 (d, 7= 1.7 Hz, 1 H), 6.42 (s. 1 H), 3.89 (s, 3 H), 1.70 (s, 3 H). 

Example 9,26: 5-(5-CMorortbiophen-3-yl)-5-methyl-4-oxo-4,5^dihydro-furan-2-cai1>o^^ add 
(Compound 26) 

15 5-(5-CMoro-lhiophen-3-yl)-5-methyl-4<)XCH!^,5-dihydro-furan-2-carboxylic acid was prepared in a 

similar manner as described in Example 9. 1 . LC-MS //i/z 259 (M+1); NMR (400 MHz, DMSO-rftf) 6 
7.45 (d,/= 1.8 Hz, 1 H), 7.15 (d,/= 1.8 Hz, 1 H), 6.30 (s, 1 H),. 1.68 (s, 3 H). 

Example 9.27: 5-(4-Bromo-5-methyl-thiophen-2-yl)-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxyU 
20 acid (Compound 27) 

5-(4-Bromo-5.-methyl-thiophen-2-yl)-5-methyl-4K>xo-4,5-dihydro-fiiran-^ acid was ■ 

prepared in a similar manner as descdbed in Exanq)le 9. 1 . LC-MS m/^ 3 15 (M-1); 'H NMR (400 MHz, 
CDCy 5 6.92 (s, 1 H), 6.38 (s, 1 H), 2.36 (s, 3 H), 1.82 (s, 3 H^. 

25 Example 9.28: 5-Methyl-4-oxo-5-thiophen-3-yl-4,5-dihydro-furan-2-carboxylic acid (Compound 28) 

5-Methyl-4K)xo-5-tiuophenO-yl~4,5-dihydro-furan-2-carboxylic acid was prepared in a similar 
manner as described in Example 9.1. LC-MS in/z IIZ (M-1); ^H NMR (400 MHz, CDCI3) 5 7.37 (dd, 7= 
2.9, 1.3 Hz, 1 H), 7.34 (dd,y= 5.0, 3.0 Hz, 1 H), 7.17 (dd, 7= 5.0, 1.3 Hz, 1 H), 6.39 (s, 1 H), 1.82 (s, 3 H). 

30 Example 9.29: Preparation of Compounds of the invention (Compounds 29 to 57). 

Compounds 29 to 57 of the present invention were prepared in a sunilar manner as described 
herein. The MS data for each of tbese compounds are shown in the following table: 



Cmpd# 


Chemical Name 


m/z 


29 


5-(4-Fluoro-phenyI)-5-methyl-4-oxo-4,5-dihydro-fliran-2- 
caiboxylic acid 


235.0 
(M-1) 
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Cmpd 


^ Chemical Name 


m/z 


30 


5-Metfiyl4K)xo-5-pyridin-3-yM,5KiihydiD-furan-2^^ 
acid 


1 220.0 1 
(M+1) 


31 


5-Ethyl-4-oxo-5-phenyl-4,5Kiihydn>-furan-2KaA acid 


1 231,0 1 
(M-1) I 


32 


5-(2-Fluoro-phenyl)-5-methyl-4-oxo^,5-dihydro-fijran-2- 
caiboxylic acid 


' 235!oj 
(M-l) 


33 


2.Me%l-3-oxo-2,3Klihydro-[2,2Tbifuranyl-5<aibox^^^ 


[ 207.0 I 
(M-1) 


34 


5-(3,4.Difluoro-phenyl)-5-methyl-4-oxo4,5^ydro-fui^ 
carboxylic acid 


j 253.2 1 
(M-1) 


35 


5<2,4-Difluoio-phenyl)-5-methyl-4-oxo^,5-dihydro-fuM 
caiboxylic acid 


I 2532 1 
(M-1) 


36 


5-(2,6-Difluon>-phenyl>5-methyM^xo^,5^ydro-furan-2- 
caiboxyiic acid 


1 253.2 1 
1 (M-1) 1 


37 


5-(2,5-DicWoro-phenyl)-5-metfayl-4K>xo-4,5-dihydro-fuian 
carboxylic acid 


285.2 1 
(M-1) 1 


38 


5-(3-Methoxy-pheiiyI)-5.metiiyl-4K)xo-4,5.dihydro-fui^ 
carboxylic acid 


247.0 
(M-1) 


39 


5-Meihyl-4K)xo-5.m-tolyM,5Kiihydro-furan-2-carte^^ 

methyl ester j 


247.0 1 
(M+1) 


40 


5<3-E%l-phenyl)-5-methyl-4-oxo^,5-Kiihydro-furan-^^ 
carboxylic acid methyl ester 


259.0 1 
.(M-1) 


41 


5-Cyclohex-l-enyl-5-methyl-4K)xo^,5-<lihydro-furan-^^ • 
caiboxylic acid methyl ester 


235.0 1 
(M-1) 


42 


5<3,5-DichlorD-phenyl)-5-methyl-4.oxo-4,5-<iihydro-fur^ 

carboxylic acid methyl ester 1 


301.0 j 

(M+1) 


43 


5-(3,5-Dichloro-phenyl>5-methyl-4K)xo-4,5-<lihydiD-fu^ 
carboxylic acid 


2852 
(M-1) 


44 


5-<3-Iodo.phenyl>5-metfayM-K)xo-4,5-dihydro-fuian-2- 

caiboxylic acid methyl ester | 


359.0 . 
[M+1) 


45 


5-Cyclopeiityl-5-melhyl4-oxo-4,5-dihydro-fton-2<^ 

acid methyl ester ( 


225.0 

M+1) 
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Chemical Name 


m/z 


46 


5<]yclopentyl-5-me1hyl4K)xo-4,5-dihydro-furan-2^ 
acid 


209.0 
(M-l) 


47 


5-(3<]:yanc>-phenyl)-5-me%l-4-oxo4,5-^ydro-furan--2- 
caiboxylic acid methyl ester 


258.2 
(M+1) 


48 


5<3<]yancHphenyl)-5-methyl-4K)xo-4,5-dihydro-fuian--2- 
carboxylic acid 


242.0 
(M-l) 


49 


5-Methyl'4-oxo-5-[((E)-3-propenyl)-phenyl]-4,5-dihydro-ftiran- 
2-caiboxyIic acid 


257,4 
(M-l) 


50 


5-(4-Bromo-5-methyl-thiophen-2-yl)-5-methyl-4-oxo-4,5- 
• dihydro-furan-2-carboxylic acid methyl ester 


331.0 
(M+1) 


51 


. 5-Bq)henyl-3-yl'5-methyl-4-oxo-4,5-Kiihydro-fiu:an-2-caibo 

acid 


293.0 
(M-l) 


52 


5-[((E>3-Hex-l-enyl>phenyl]-5-methyl-4-oxo-4,5-dihydio- 
furan'-2-carboxylic acid 


299.2 
(M-l) 


53 


5-Methyl-5-{4-metfayl-thiophen~2-yl)4-oxo-4,5-dihydro-furan- 
2-caiboxylic acid methyl ester 


251.2 
(M-l) 


54 


5-MethyI-4-oxo-5-(3-vinyl-phenyl)-4,5-dihydro-furan-2- 
carboxylic acid • 


243.0 
(M-l) 


55 


5"Methyl-5-(4-methyl-tMophen-2-yl)-4-oxo-4,5-dihydr(>fiiran- 
2-caiboxylic acid 


237.0 
(M-l) 


56 


5-Mefhyl-5-(5-melhyl-thiophen-3-yl)-4-oxo-4,5Kiihydro-furan- 
2-carboxylic acid 


237.0 
(M-l) 


57 


' 4-Oxo-5-phenyl-5-trifluoromethyl-4,5-dihydro-furan-2- 

carboxylic acid 


271.2 
(M-l) 



Example 10: Resolution of Compounds of The Invention. 

Example 10.1: Resolution of 5-(3-Bromo-phenyl)-5-metbyl-4-oxo-4,5-Kllhydro-furan-2H;arboxyUc 
acid (Compound 13). 

To a solution of racemic 5-(3-Bromo-phenyl)-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid 
(4.12 g, 13.87 mmol) in anhydrous CH2CI2 (110 mL) was added triethylamine (3.11 g, 30 51 mmol). The 
solution cooled down to 0 **C and mesyl chloride (1.75g, 15.26 mmol) was added at the temparature. After 
2 h stirring at room temperature, tiie reaction mixture was again cooled to 0 °C and R(+)-a- methylbenzyl- 
amine (1.68 g, 13.87 mmol) was added. - After 4 h stirring at room temperature, &e reaction mixture was 
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™shMwilh™»,aoOM,)»dw«C70«i).d«(M8OTO«d«,«»ta..di.™^ 
b,'H.NMR)a.dI.96g(35%),fDi.«™,,»A™d.l3B(>9Sd.%by.H-NMR) 

(-).5K3-Bromo-phenyI>5Hiiethyl^xo^^ydro-l«an-2HarbOAy0c acid 

[(-)-€ompound 13] ' 

25 [(+)-Conipoiindl3J ' 

-^■'•«ft^-'-8H^>H),7.4«.45(^2HX7.26(W.8.0H„H).«.40(UH),>.82(UH,. 
Example 10.2: 

^"P;'-'^24,26and56weresepaxatedintotheir^ectivc(^:)»^ 
• Similar method as described in Example 10.1. 



35 



Cited J^T ''""'"'™'"''"'^^^ 

cited ^edu» os.es of Ih^epubHcado., paten. andpubM^edpatentappU.^^^^ 

apphcat,onareherebyincoxpo«tedbyreferencei„theirentire.yin^ 
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and exteosion of the disclosed inventioiis that are within the purview of the skilled artisan are encompassed 
within the above disclosure and the claims that follow. 

Although a variety of e)q>ression vectors are available to those in the art, for purposes of utilization 
for both the endogenous and non-endogenous human GPCRs, it is most preferred that the vector utilized be 
pCMV. This vector was d^osited with the American Type Culture Collection (ATCC) on October 13, 
1998 (10801 University Blvd, Manassas, VA 201 10-2209 USA) under the provisions of the Budapest 
Treaty for the Intemationai Recognition of the Deposit of Microorganisms for the Purpose of Patent 
Procedure. TheDNAwastestedbythe ATCC and determined to be viable. Tlie ATCC has assigned the 
following deposit number to pCMV: ATCC #203351. 



/ 
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SEQUENCE LISITNG 

<no> Arena Pharmaceuticals, Inc. 
Jung,Jae-Kyu 
5 Semple, Graeme 

Johnson, Benjamin R. 

<130> 80.WO1 

<150> 60/524,269 
<151> 2003-11-21 

15 

<160> 2 

<170> Patentlh version 3.2 

20 <210> 1 

<211> 1092 
<212> DNA 
<213> Homo sapien 

25 '<400> 1 



gggcttctgg 



acaagaagaactgctgtgtg 

120 
180 



tccagccgga ttttcctgtt caacctggca ^ _ 
30 cccttcctM tocrQ/-oo,»fo w ■ . 240 



cccttcctga tggacaacta tgtgaggc 
cggctgatgc tcttcatgtt ggctatgaac cgccagggca gcatcatctt cctcacggtg" 
gtggcggtag acaggtattt ccgggtggtc catccccacc acgccctgaa caagatctcc 
aatcggacag cagccatcat ctcttgcctt ctgtggggca tcactattgg cctgacagtc 



agcatctgcc 
ctgggcatca I 

gaccggcatg ccaagatcaa gagagccate acctteatea i 
gtcatctgcttccttcccagcgtggttgtgcggatccgcatcttetg^^ 



300 
360 
420 
480 



« o e -^SB^sgigcaaarrcgtgcagcagcttc 54^ 

35 aecatCtBCC atarr#f/»/.o «t^^« . 



600 
660 
720 
780 
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tcgggcacgc agaattgtga agtgtaccgc tcggtggacc tggcgttctt tatcactctc 840 

agcttcacctacatgaacagcatgqfggaccccgtggtgtactacttetccagcccatcc 900 

tttcccaacttcttctccactttgatcaaccgctgcctccagaggaagatgacagg^ 960 

ccagataata accgcagcac gagcgtcgag ctcacagggg accccaacaa aaccagaggc 1020 

5 gctccagagg cgttaatggc caactccggt gagccatgga gcccctctta tct^gccca 1080 

acxjtctcctt aa 1092 



<210> 2 
<211> 363 
10 <212> PRT 

<213> Homosapien 



<400> 2 

Met Asn Aig His His Leu Gin Asp His Phe Leu Glu He Asp Ly$ Lys 
15 .1 5 10 15 

Asn Cys Cys Val Phe Arg Asp Asp Phe He Val Lys Val Leu Pro Pro 
20 25 30 

20 Val Leu Gly Leu Glu Phe De Phe Gly Leu Leu Gly Asn Gly Leu Ala 
35 40 45 

Leu Trp He Phe Cys Phe His Leu Lys Ser Tip Lys Ser Ser Arg He 
50 55 60 

25 

Phe Leu Phe Asn Leu Ala Val Ala Asp Phe Leu Leu He ne Cys Leu 
65 70 . 75 80 

Pro Phe Leu Met Asp Asn Tyr Val Arg Arg Tip Asp Tip Lys Phe Gly 

30 .85 90 . 95 

Asp He Pro Cys Arg Leu Met Leu Phe Met Leu Ala Met Asn Arg Gin 
100 105 110 

35 Gly Ser lie He Phe Leu Thr Val Val Ala Val Asp Arg Tyr Phe Arg 
115 . 120 125 



Val Val His Pio His His Ala Leu Asn Lys He Ser Asn Arg Thr Ala 
40 130 135 140 

Ala He He Ser Cys Leu Leu Tip Gly He Thr He Gly Leu Thr Val 
145 150 155 160 

45 His Leu Leu Lys Lys Lys Met Pro He Gb Asn Gly Gly Ala Asn Leu 
165 170 175 

Cys Ser Ser Phe Ser He Cys His Thr Phe Gin Tip His Glu Ala Met 
180 185 190 
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Phe Leu Leu Glu Phe Phe Leu Pro Leu Gty He He Leu Phe Cys Ser 
195 200 205 

Ala Arg He lie Tip Ser Leu Arg Gin Arg Gin Met Asp Aig His Ala 
210 215 220 

Lys De Lys Arg Ala He Thr Phe De Met Val Val Ala He Val Phe 
225 230 235 240 

Val He Cys Phe Leu Pro S er Val Val Val Arg He Arg He Phe Tip 
245 250 255 

Leu Leu His Tha- S er Gly "nir Gin Asn Cys Ghi Val Tyr Arg Ser Val 
260 ^ 265 270 

Asp Leu Ala Phe Phe De Thr Leu Ser Phe Thr TyrMet Asn Ser Met 
275 280 285 

Leu Asp Pro Val Val Tyr Tyr Phe S er Ser Pro Ser Phe Pro Asn Phe 
290 295 300 

Phe S er Thr Leu lie Asn Arg Cys Leu Gk Arg Lys Met Thr Gly Glu 
305 310 315 320 

Pro Asp Asn Asn Arg Ser Thr Ser Val Glu Leu Thr Gly Asp Pro Asn 
325 330 335 

Lys Thr Arg Gly Ala Pro Ghi Ala Leu Met Ala Asn Ser Gly Glu Pro 
340 345 350 

Tip Ser Pro Ser Tyr Leu Gly Pro Thr Ser Pro 
355 360 
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CLAIMS 



We claim: 



1 . A coiiq)ound of Fonnula (T): 

O R2 

5 (I) 

or a pharmaceutically acceptable salt, hydrate or solvate thereo:^ 
•wherein: 

Ri isHorCi^alkyl; 

Ra is H, halogen. Cm a%l or Cm haloalkyl; and 

10 A) R3 is aryl, C3.7 cycloalkyl, C3_7 cycloalkenyl, heteroaryl, C3.7 heteiocycloalkyl or 

C3.7 heterocycloalkenyl wherein each are optionally substituted with 1 to 5 substituents selected 
from the group consisting of Ci^ acyloxy, €2^ alkenyl, Ci^ alkoxy, Ci^ alkyl, Ci-6 
alkylcaiboxamide, alkynyl, Ci^ alkylsulfonamide, Ci^ alkylsulfinyl, Ci^ alkylsulfonyl, Cm 
alkylthio, Cm alkylureyl, Ci^ alkylamino, amino, aryl, substituted aryl, carbo-CM-alkoxy, 

15 carboxamide, cyano, C3.7 cycloallQrl, Ci^ dialkylamino, Cz^ dialkylcarboxamide, €2^ 

dialkylsulfonamide, lialogen, Ci^ haloalkoxy, Ci^ lialoalkyl. Cm haloalkylsulfinyl, Cm 
haloalkylsulfonyl. Cm haloalkylthio, heteroaryl, substituted heteroaryl, hydroxyl, nitro and thiol; 
and 

R4 is selected from the group consisting of H, ethyl, n-propyl, C44 alkyd and Cm 
20 haloalkyl wherein each are optionally substituted with 1 to 5 substituents selected from the group 

consisting of Cm acyloxy, €2^ alkenyl, Cm alkoxy, Cm alkylcaiboxamide, alkynyl, Cm 
alkylsulfonamide, Cm alkylsulfmyl, Cm alkylsulfonyl, Cm alkylthio. Cm alkylureyl, Cm 
alkylamino, amino, carbo-CM-allcoxy, carboxamide, cyano, C3.7 cycloalkyl, €2^ dialkylamino, Ci^ 
dialkylcarboxamide, C2^ dialkylsulfonamide, halogen, Cm haloalkoxy, Ci^ haloalkyl, Cm 
. 25 haloalkylsulfinyl. Cm haloalkylsulfonyl, Cm haloalkylthio, hydroxyl, nitro and thiol; or 

. R4 is Cs^-cycloalkyl optionally substituted with 1 to 5 substituents selected from 
the group consisting of Cm acyloxy, €2^ alkenyl, Cm alkoxy. Cm alkyl. Cm alkylcaiboxamide, C2- 
6 alkynyl, Cm alkylsulfonamide, Cm alkylsulfinyl. Cm alkylsulfonyl. Cm alkylthio, Cm alkylureyl, 
Cm all<ylamino, amino, caibo-Ci^alkoxy, carboxamide, cyano, C3.7 cycloalkyl, dialkylamino, 
30 . C2^ dialkylcarboxamide, C2-6 dialkylsulfonamide, halogen. Cm baloalko^^ 

haloalkylsulfinyl. Cm haloalkylsulfonyl. Cm haloalkyl&io, hydroxyl, nitro and thiol; • 
or 

B) R3 is a substituted phenyl, 2-chlorophenyl, 3-chlorophenyl, naphthyl, C3.7 
cycloalkyl, C3.7 cycloalkenyl, heteroaryl, C3.7 heterocycloalkyl or C3-7 heterocycloallcenyl wherein 
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II»eompo«d»coiai.gBoUm 1 KberanR, isH. 
l»'=o»P««.»c„*,,.„,^^^ , ^^^^^ . 
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selected from the group consisting of Ci^ alkea^, Ci^ alkoxy, alkyl, aryl, cyano, halogen, Ci-e 

• haloaUcyl and heteroaiyL 

12. The compound according to any one of claims 1 to 10 wherein R3 is tfuenyl optionally substituted 
5 with Ci^ alkyl, halogen or haloalkyl. 

13. Hie conqwund according to any one of claims 1 to 10 wherein R3 is fliienyl optionally substituted 
with methyl, ethyl, F, CI, Br, I or trifluoromelhyl. 

10 14. Hie compound according to any one of claims 1 to 10 wh^ein R3 is selected from the group 

consisting of b^)henyl-3-yl, 3-thiophen-2-yl-phenyl, 3-bromo-phenyl, 3-iodo-phen}d, S-chloro- 
phenyl, 3-fluoro-phenyl, 3,5-difluoro-phenyl, m-tolyl, 3-ethyl-phenyl, 3-trifIuoromethyl-phenyl, 4- 
fluoro-phenyl, 2-fluoro-phenyl, 3,4-difluoro-phenyl, 2,4-difluoro^henyl, 2,6-difluoro*ph^yl, 2,5- 
dichloro-phenyl, 3-methoxy-phenyl, 3,5-dichloro-phra.yl, 3-cyano-phenyl, 3-propenyl-phenyl, 3- 

15 hex-l-^nyl;-phenyl and 3-vinyl-phenyL 

15: The compound according to any one of claims 1 to 10 wherein R3 is selected from the group 
consisting of thiophen-3-yl, thiophen-2-yl, 4-bromo-thiophen-2-yl, 5-methyl-thiophen-2-yl, 5- 
chloro-thiophen-2-yl, 5-bromo-thiophen-3-yl, 5-chloro-thiophen-3-yl, 4-bromo-5-methyl-thiophen- 
20 2-yl, pyridin-3-yl, furan-2-yl, 4-methyl-fliiophen-2-yl and 5-methyl-1hiophen-3-yL 

16. The compoimd according to any one of clarnis 1 to 10 wherein R3 is selected-from the group 
consisting of cyclohex-l-enyl, cyclopent-l-eoyl and cyclopentyl. 

25 17. The compoimd according to claim 1 wherein: 
RiisH; 
RjisH; 

R4 is Ci^ alkyl or Ci^ haloalkyl; and 

R3 is substituted phenyl, 3-chlorophenyl, C3.7 cycloalkyl, C3.7 cycloalkenyl or heteroaryl, 
30 wherein said 3-chlorophenyl, C3.7 cycloalkyl, C3.7 cycloalkenyl and heteroaryl are optionally 

substituted with 1 to S substitudits selected from the group consisting of alkenyl, Ci^ alkoxy, 

* Ci^ alkyl, aryl, cyano, halogen, Ci^ haloalkyl and heteroaryl. 

1 8. The compound according to claim 1 wherein: 
35 RiisH; 

R2isH; 

R4 is methyl, ethyl or trifluoromethyl; and 
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Ra is selected Sx>m the group consisting of biphenyl-3-yI, 3-thiophen-2-yl-phenyl, 3- 
bromo-phenyl, 3-iodo-phenyI, 3-chloro-phenyl, 3-fluoro-plienyI, 3,5-difluoio-phenyl, m-tolyl, 3- 
ethyl-phenyl, 3-trifluoromethyl-phenyl, 3,4-difluoro-phenyl, 2,4-difluoro-phenyl, 2,6-difluoro- 
phenyl, 2,5-dichIoro-phenyl, 3-metiioxy'phenyl, 3,5-dichloro-phenyl, 3-cyano-phenyl, 3-propenyI- 
phenyl, 3-hex-l-enyl-plienyl and 3-vinyl-phenyl. 

The compound according to claim 1 wherein: 
RiisH; 
RaisH; 

R4 Is methyl, ethyl or trifluoromethyl; and 

R3 is thienyl optionally substituted with Ci^ alkyl or halogen. 

The compound according to claim 1 wherein: 
RiisH; 
R2isH; 

R4 is methyl, ethyl or trifluorometfayl; and 

R3 is selected from the group consisting of thiophen-3-yl, thiophen-2-yl, 4-bromo- 
thiophMi-2-yl, 5-methyl-thiophai-2-yl, 5-chloro-thiophen-2-yl, 5-bromo-1hiophen-3-yl, 5-chloro- 
taiophen''3-yl, 4-bromo-5-methyl-thiophen-2-yl, pyridin-3-yl, furan-2-yl, 4-methyl-thiophen-2-yl 
and 5-metfayl-thioph^-3-yl. 

TTie compound according to claim 1 selected from the group consisting of: 

5-Cyclohex-l-enyl-5-metiiyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid; 
5-MetiiyI-4K>xo-5-thiophen-3-yH5Kiihydro-furan-2-c^ acid methyl ester; 

5-Methyl-4-oxo-5-tMophen-2-yl-4,5-dihydro-fiu^-2-carboxyUc acid methyl ester; 
5<4-Bromo-thiophen.~2-yl)-5-methyl-4-oxo-4,5-dihydio-furan^^ acid methyl 

ester; 

5-(4-Bromo-thiophen-2-yl)-5-methyl-4-oxo-4,5-dihydro-fura^ 
5-Meihyl-5<5-methyl-tWophen-2-yI)-4<>xo4.5-dihydro-f^ acid methyl 

ester, 

5-Melhyl-5-(5-methyl-thiophen-2-ylHK)xo-4,5-dihydrD-fu^ 
5<5<:hloro-thiophen-2-yl)-5-melhyl-4-oxo4,5Kiihydro-fi^ acid methyl; 

ester; 

5-<:yclopent-l -enyl-5-methyl-4-oxo-4,5-dihydro-furan-2-carboxylic acid; 
5-Biphenyl-3-yl-5-methyl-4-oxo4,5'<lihydro-furan-2--caiboxylic acid methyl ester; 
5-Methyl-4-oxo-5<3-thiophen-2-yl.phenylH,5-dihydro-fiu^ acid methyl 

ester; 

5<3-Bromo^henyl>5-methyl-4K)xo-4,5"Klihydro-furan-2K^ acid methyl ester, 
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5<3-Brpmo-phenyI>5-methyl4-oxo-4,5Kiihydio-im^ acid; 
5-{3-Iodo-phenyl>5-methyl-4H3xo-4,5-<Ifliydro-fu^ 
5-(3-CMoro-phenyl)-5-me%l-4K)xo4,5KlihydrcKfluBn-2-^^ acid; 
5-(3-nuoroi)h^yI)-5-methyl-4-oxo-4,5-dihydro-furan-2K:aA 
5<3,5-Difluoro-phenyl)-5-methyl-4-oxo^,5-dihydro-furan-2^^ 
5-Me%l-4-oxo-5-m-tolyl-4,5KlihydrcHfuraD-2-carboxyH^ acid; 
5-(3-E%l-phenyl>5-methyl-4-oxo-4,5-dihydro-fut^ acid; 
5-Me%l-4-oxo-5-(3-trifluoiX)methyl-phenylH,5Kiihydr^ 
5-(5-CMoro-thicphen-2.yl>5-methyl-4-oxo^,5-dihy^^ acid; and 

5-Methyl-4<)xo-5-thiophen-2-yl-4,5-dihydn>-fur^ acid; or 

a phannaceutically acceptable salt, hydrate or solvate thereof 

The compound according to claim 1 selected from the group consisting of: 

5-(5-Bromo-thiophen-3-yi>5-methyl-4-oxo-4,5Kiihydro-fu^ acid methyl 

ester, 

5-(5-Bromo-thiophenO-yl)-5-methyl-4K)xo-4,5-4ihydro-fura^^^ 
5<5<Moro-thiophen-3-yl)-5-methyl-4-oxo-4,5-dihydro-fu^ acid methyl 

ester, 

5-(5-CWoro-thiopheQ-3-yl)-5-me%l-4K)xo-4,5-dihydro-furan-2<a^ 
5-(4-Bromo-5-methyl-tMophen-2-yl)-5-methyM-oxo-4,5-dihy^ 

acid; 

5-Methyl-4-<)xo-5-thiophen-3-yl-4,5-dihydro-fiiran-2-caito acid; 
5-(4-Fluoro-phenyl)-5-methyl-4K}xo-4,5-dihydro-furan-2K^^ 
5-Methyl-4K)xo-5-pyridm-3-yl-4,5Klihydro-flumi-2-caibox 
5-Ethyl-4-oxo-5-phenyM,5-dihydro-furan-2-carboxylic acid; 
5-(2-Fluoro-phenyl>5-methyi-4-oxo-4,5-dihydro-flu:an-2K;arboxyHc^^^ 
2-Methyl-3K)xo-2;3Kiihydro-[2^Tbi£uranyl-5KjarboxyH 
5-(3,4-Difluoro-phenyl)-5-methyl-4-oxo-4,5-^ydro-furan-2-caiboxylic acid; 
5-<2,4-Difluoro-phenyl)-5-methyl-4-oxo-4,5-dihydro-furan-2-ca±oxyhc^a 
5<2,6-Dmuoro-phenyl)-5-methyl-4-oxo4,5-<iihydro-fu^ 
5-<2^-DicMoro-phaiyl)-5-me%l-4-oxo-4,5Klihydro-fium-2-carbo^^ 
5-(3-Methoxy-phenyJ)-5-methyl-4K)xo4,5Kiihydro-fi^ 
5-Methyl-4-oxo-5-m-tolyl4,5-dihydro-fuian-2-<^^ acid methyl ester; 
5-{3-Ethyl-phenyl)-5-meth^-4-oxo-4,5-dihydro-furan-2-c acid methyl ester; 

. . 5-Cyclohex-l-enyl-5-methyl-4-oxo-4,5Klihydro-fiiran-2-carboxylic acid methyl ester, 
5-<3,5-DicWoro-phenyl)-5-methyl4K>xo-4,5-dihydro-furan-2-^ acid methyl 

ester; 

5<3,5-Dichloro-phenyI)-5-methyl-4-oxo4,5-dihydro-£uran-2<arboxyh^ 
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5-<3-Ibdo-pheayl>5-me(hyl-4-oxo-4,5-dihydro-fur^ acid methyl ester; 

5-Cyclopentyl-5-methyl4K}xo-4,5Kiihydro-furan-2-ca^ acid methyl ester, 
5-Cyclopentyi-5-methyl4-oxo-4,5-<iihydro-furan-2-carb^ acid; 
5-<3<)yano-phenyl)-5-methyl-4-oxo-4,5-dihydro-fur^ acid methyl ester, 

5 5-{3-Cyano-phenyl)-5-me%l-4-oxo-4,5-dihydro-furan acid; 

5-Methyl-4-oxo-5-[3-propenyl)-phenyi]-4,5-dihydro-furan-2-^ 
5^4.Bromo-5-methyl-thiophen-2-yl)-5-methyl-4K)xo-4,5-dihydro-fum acid 
methyl ester; 

5-Biphrayl-3-yl-5-methyl-4K)xo4,5-dihydro-furan-2-carboxyU^ acid; 
10 5-[3-Hex-l-enyl)i>henyl]-5-methyl-4-oxo-4,5-dihydm-furm acid; 

5-Methyl-5-<4-methyl-thiopheii-2-ylHK)xo-4,5-dihydro-f^ acid methyl 

ester; 

" 5-Methyl-4-oxo-5-(3-vinyl-phenyl)4,5-dihydro-furan-2< acid; 

5-Methyl-5K4-methyl-tHophen-2-ylH-oxo4,5Kiihydro-fu^ acid; , 

15 5-Methyl-5<5-methyl-tMophen-3-yl)-4^xo-4,5-dihydrc)-fi^ acid; and 

4<)xo-5-phenyl-5-trifluoromethyl-4,5-dihydrc)-fiuan-2-caA acid; or 
a phannaceutically acceptable salt, hydrate or solvate thereof. 

23. The compound according to any one of claims 1 to 22 wherein said confound is essentially the R 
20 enantiom^. 

24 The conq)Oimd according to any one of claims 1 to 22 wherein said conq)Ound is essentially the S 
enantiomer. 

25 25. A pharmaceutical composition comprising a compound according to any one of claims 1 to 24 in 
combination with a phannaceutically acceptable cairier. 

26. A phannaceutical composition according to claim 25 further comprising an agent selected from the 
group consisting of a-glucosidase inhibitor, aldose reductase inhibitor, biguanide, HMG-CoA 

30 reductase inhibitor, squalene synthesis inhibitor, fibrate, LDL catabolism enhancer, angiotensin 

converting enzyme inhibitor, insulin secretion enhancer and thiazolidinedione. 

27. A method of treatmwit of a metabolic-related disorder comprismg administering to an individual 
in need of such treatment a therapeutically-effective amount of a compound according to any 

35 one of claims 1 to 24 or a pharmaceutical composition of claim 25 or 26. 



28. 



The method according to claim 27 wherein said metabohc-related disorder is selected from the 
group consisting of dyslipidemia, atherosclerosis, coronary heart disease, insulin resistance, obesity. 
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in^aired glucose tolerance, atfaeromatoiis disease, hypertension, stroke, Syndrome X, heart disease 
and ^e 2 diabetes. 

29. The method according to claim 27 wherein said metabolic-related disorder is selected jfrom the 
group consisting of dyslipidemia, atherosclerosis, coronary heart disease, insulin resistance and type 
2 diabetes. 

30. Ihe method according to claim 27 wherein said metabolic-related disorder is atherosclerosis. 

31. A method of modulating a RUP25 receptor comprising contacting said receptor with a compound 
according to any one of claims 1 to 24 or a pharmaceutical composition of claim 25 or 26. 

32. A method, of modulating aKUP25 receptor for the treatment of a metabolic-related disorder in an 
individual in need of such modulation con5)rising contacting said receptor with a therapeutically- 
effective amount of a compound according to any one of claims 1 to 24 or a pharmaceutical 
composition of claim 25 or 26. 

33. The method according to claim 3 1 or 32 wherein said compound is an agonist 

34. The method according to claim 33 wherein said agonist is a partial agonist 

35. A method of raising HDL in an individual comprising administering to said individual a 
ther^eutically-effective amount of a compound according to any one of claims 1 to 24 or a 
pharmaceutical conq)osition of claim 25 or 26. 

36. The method according to any one of claims 27 to 35 wherein said individual is a mammal 

37. ■ The metiiod according to claim 36 wherein said manunal is a hxmian. 

38. A compound according to any one of claims 1 to 24 for iise in a method of treatment of the human 
or animal body by tberapy. 

39. A conqjound according to any one of claims 1 to 24 for use in a method of treatment of a 
metabolic-related disorder of the human or animal body by therapy. 

40. A compound according to any one of claims 1 to 24 for use in a me&od of treatment of a 
metaboUc-related disorder of the human or animal body by therapy wherein said metabolic-related 
disorder is selected from the gro^) consisting of dyshpidemia, atherosclerosis, coronary heart 
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disease, insulin resistance, obesity, impaired ghicose tolerance, afiieromatous disease, hypertension, 
stroke. Syndrome X. heart disease and type 2 diabetes. 

41. A compound according to any one of claims 1 to 24 for use in a melhod of treatment of a 
metabolic-related disorder of the human or animal body by Ifaer^y wherein said metabolic-related 
disorder is selected ftom tiie groiqj consisting of dysl?>idemia, atherosclerosis, coronary heart 
disease, insulin roistance and type 2 diabetes. 

42. A compound according to any one of claims 1 to 24 for use in a melhod of treatment of 
atfaeroscleiosis of the human or animal bo^ by dierapy. 

43. A conipound according to any one of claims 1 to 24 for use in a mefliod of raising HDL of the 
human or animal body by thei^y. 

44. Use of a compound according to any one of claims 1 to 24 for the manufectoe of a medicament for 
use in the treatmemt of a metabolic-related disordM-. 

45. , Use of a compound according to any one of claims I to 24 for the manufacture of a medicament for 

use in the treatment of a metabolic-related disorda selected ftom the group consisting of 
dyslipidemia, atherosclerosis, coronary heart disease, insulin resistance; obesity, impaired ghicose 
tolerance, atheromatous disease, hyperteosion, strote, Syndrome X, heart disease and ^e 2 



46. • Use of a compound according to any one of clahns I to 24 for the manufacture of a medicament for 

use in Ihe treatment of aflierosclerosis. 

47. Use ofa compound according to any one of claims 1 to 24 for the manufacture of a medicament for 
use in raising HDL in an individual. 



48. 



A melhod of producing a pharmaceutical compositfon comprising admixing a compound according 
to any one of claims 1 to 24 and a pharmaceutically acceptable carrier. 
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This International Searching Authority found multiple (groups of) 
inventions in this International application, as follows: 

1. claims: 1-11, 17, 21-48 (all part) and 14. 18 (all complete) 

Compounds (I) wherein R3 is aryl, substituted phenyl, 
2-chlorophBnyl, 3-chlorophenyl or naphthyl; and subject 
matter referring to such compounds (I). 

1.1. claims: 1-5 and 23-48 (all part) 

Compounds (I) wherein R3 is unsubstituted aryl and R4 is H; 
as well as subject matter referring to such compounds (I); 

1.2. claims: 1-5, 6-10, and 22-48 (all part) 

Compounds (I) wherein R3 Is unsubstituted aryl and R4 Is 
ethyl, n-propyl, C4-6alkyl or Cl-6haloalkyl ; as well as 
subject matter referring to such compounds (I); 

1.3. claims: 1-11, 17, 21-48 (all part) and 14, 18 (all complete) 

Compounds (I) wherein R3 is substituted aryl, substituted 
phenyl, 2-chlorophenyl , 3-chlorophenyl or naphthyl; as well 
as subject matter referring to such compounds (I). 



2. claims: 1-11, 17, 21-48 (all part) and 16 -(complete) 

Compounds (I) wherein R3 is C3-7cycloalkyl or 
C3-7cycloalkenyl ; as well as subject matter referring to 
such compounds (I). 



3. claims: 1-11, 17, 21-48 (all part) and 12-13, 15, 19, 20 (all 

complete) 

Compounds (I) wherein R3 is heteroaryl , C3-7heterocycloalkyl 
or C3-7heterocycloalkenyl; as well as subject matter 
referring to. such compounds (I). 
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